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BLEACH COMPOSITIONS 
COMPRISING COBALT CATALYSTS 

5 



TECHNICAL FIELD 

10 The present invention is in the field of bleach compositions, especially 

automatic <Ushwashing detergents and laundiy detergents comprising bleach. More 
specifically, the invention encompasses automatic dishwashing detergents (liquids, 
pastes, and solids such as tablets and espedally granules) and laundiy detergents 
comprising selected cobalt/ammonia catalysts. 

15 BACKGROUN D OF THE INVENTrON 

Automatic dishwashing, particulariy in domestic appliances, is an art very 
different firom fabric laundering. Domestic &bric laundering is normally done in 
pufpose-buiit machines having a tumbling action. These are very different fi-om 
spray*action domestic automatic dishwashing appliances. The spray action in the 

20 latter tends to cause foam. Foam can easily overflow the low sills of domestic 
dishwashers and slow down the spray action, which in turn reduces the cleaning 
actioiL Thus in the distinct field of domestic machine dishwastung, the use of 
common foam-produdng laundry detergent surfactants is normally restricted. These 
aspects are but a brief ilhistration of the unique formulation constraints in the 

25 domestic dishwashing field. 

Automatic dishwashing with bleaching chemicals is different fi-om fabric 
bleaching. In automatic dishwashing, use of bleaching chemicals involves promotion 
of soil removal firom dishes, though soil bleaching may also occur. Additionally, soil 
antiredeposition and anti-spotting effects fi*om bleaching chemicals would be 

30 desirable. Some bleaching chemicals, (such as a hydrogen peroxide source, alone or 
together with tetraacetyleth^enediamine, TAED) can, in certain circumstances, be 
helpfiil for cleaning dishware, but this technology gives &r from satis&ctory results in 
a dishwashing context: for example, ability to remove tough tea stains is limited, 
especially in hard water, and requires rather large amounts of bleach. Other bleach 

35 activators developed for laundry use can even give negative effects, such as creating 
unsi^itly deposits, when put into an automatic dishwashing product, especially when 
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they have overly low solubility. Other bleach systems can damage items unique to 
dishwashing, such as silverware, aluminium cookware or certain plastics. 

Consumer glasses, dishware and flatware, especially decorative pieces, as 
washed in domestic automatic dishwashing appliances, are often susceptible to 
5 damage and can be expensive to replace. Typically, consumers dislike having to 
separate finer pieces and would prefer the convenience and simplicity of being able to 
combine all their tableware and cooking utensils into a single, automatic washing 
operation. Yet doing this as a matter of routine has not yet been achieved. 

On account of the foregoing technical constramts as well as consumer needs 

10 and demands, automatic dishwashing detergent (ADD) compositions are undergoing 
continual change and improvement. Moreover environmental fectors such as the 
restriction of phosphate, the desirability of providing ever-better cleaning results with 
less product, providing less thermal energy, and less water to assist the washing 
process, have all driven the need for improved ADD compositions. 

15 A recognized need in ADD compoations is to have present one or more 

ingredients which improve the removal of hot beverage stains (eg., tea, coffee, 
cocoa, etc.) fi-om consumer articles. Strong alkalis like sodium hvdrnxtffft Wp«r>,^« 
such as hypochlorite, builders such as phosphates and the like can help in varying 
degrees but all can also be damaging to, or leave a fihn upon, glasses, dishware or 

20 silverware. Accordingly, milder ADD compositions have been developed. These 
make use of a source of hydrogen peroxide, optionally with a bleach activator such 
as TAED, as noted. Further, razymes such as commerdal amylolytic enzymes (e.g., 
TERMAMYL® available firom Novo Nordisk S/A) can be added. The alpha- 
amgiase component provides at least some benefit in the stard^ soil removal 

25 properties of the ADD. ADD's containing am^ases typicalfy can deliver a somewhat 
more moderate wash pH in use and can remove starchy soils while avoiding 
delivering large weight equivalents of sodium hydroxide on a per-gram-of-product 
basis. It would therefore be highly desirable to secure improved bleach activators 
specifically designed to be compatible in ADD formulations, especially with enzymes 

30 such as amylases. A need likewise exists to secure better amylase action in the 
presence of bleach activators. 

Certain manganese catalyst-containing machine dishwaslung compositions are 
described in U.S. Patent 5,246,612, issued September 21, 1993, to Van Dijk et al. 
The compoations are said to be chlorine bleach-fi*ee machine dishwa^g 
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compositions comprising amylase and a manganese catalyst (m the +3 or +4 
oxidation state), as defined by the structure given therein. Preferred manganese 
catalyst therein is a dinuclear manganese, macrocyclic iigand-containing molecule 
said to be MnIV2(u.O)3(l,4J-trimethyl.l,4,7.triazacyclononane)2(PF6)2. Such 
S catalyst materials which contain these more complicated ligands typically will require 
several synthesis steps to produce, thereby driving up the cost of the catalysts and 
making them less likely to be readily available for use. Thus, there continues to be a 
need for simple, widely avmlable catalysts that are effective in automatic dishwasMng 
compositions and methods. 

10 Now, regarding laundry applications of cobalt catalysts, simple cobalt 

catalysts have been described for use in bleach-containing laundry compositions to 
wash stained fabrics as taught by U.S. Patent 4,810,410, to Diakun et al, issued 
March 7,1989. For example. Table 8 therein provides the stain removal results for a 
series of stains on &brics washed with laundry compositions with and without the 

IS cobalt catalyst [Co(NH3)sCl]a2. Tea stain removal fiom &brics as reported therein 
appears marginal at best by comparison to the other stains measured. Table 11 at 
column 16 also provides results for the oxalate complex, [Co(NH3)5C204]CI04, 
and carbonate complex, [Co(NH3)5C03]Cl. Again, benefits for stain removal 
appear marginal. 

20 The comparative inferiority of such cobalt catalysts for laundry applications, 

for example to remove tea stains, is reinforced by the teachings contained in the later 
filed European Patent Application, Publication No. 408,131, published January 16, 
1991 by Unilever NV. Example IV therein, said to be a comparison of the cobalt- 
cobalt complexes which are viewed as the invention of that application versus the 

25 '*[Co(NH3)sCl]Cl2 of the art" (referring to the eariier publication of the European 
equivalent of the above-noted Diakun et al patent), reports values for removal of tea 
stain as follows: Co-Co (26.3); [Co(NH3)5Cl]Cl2 (20.6X v/bidti is lower than that 
observed for a simple Mn+2 catalyst as reported in Example n (having a tea stain 
removal value of 21.4). 

30 Similar results for manganese catalysts versus cobalt catalysts are reported for 

laundry xises to remove tea stains from cotton febrics in U.S. 5,244,594, to Favre et 
al., issued September 14, 1993. Therein, Example I provides data slowing a Co-Co 
catalyst according to EP 408,131 is inferior to the manganese catalysts. Further, 
Example IV also reports lower stain removal at 20X for a Co-Co catalyst of EP 
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408,131 and the [Co(NH3)5Cl]Cl2 catalyst of the Diakun patent versus a manganese 
catalyst 

However, the carbox^e ligand-containing cobalt catalysts useful herdn are 
particularly useful for consumer bleach products, given the ability to tailor the 
5 physical properties of these catalysts by vaiying the chain length and/or fiinctionality 
on the carboxjdate ligand. Thus, depending on the product form and intended use, it 
is possible for the present invention compositions to utilize a more hydroplulic or 
hydrophobic catalyst. 

It is an object of the instant invention to provide bleach compositions, 

10 especially compact granular, phosphate-free and chlorine bleach-free laundry and 
automatic dishwashing compositions, incorporating an improved selection of cobalt 
catalyst-containing bleaching ingredients. A further object is to provide fully- 
fonnulated ADD compositions with or without amjiase razymes, but especially the 
former, wherdn specific cobalt catalyst-contaimng bleach systems art combined with 

IS additional selected ingredients including conventional an^lases or bleach-stable 
amylases, so as to deliver superior tea deaxung results and at the same time excellent 
care for consumer tableware and flatware. Another object is to provide bleach 
compositions which are not only effective but are safe for colors and &brics. These 
and other objects will be apparent from the detailed description hereinafter. 

20 BACKGROUND AUT 

In addition to the hereinbefore-noted U.S. Patent 4,810,410, to Diakun et al, 
issued March 7,1989; U.S. 5,246,612, to Van Dijk et al., issued September 21, 1993; 
U.S. 5,244,594, to Favre et al., issued September 14, 1993; and European Patent 
^plication, Publication No. 408,131, published January 16, 1991 by Unilever NV, 

25 see also: U.S. Patent 5,114,611, to Van Kralingen et al, issued May 19, 1992 
(transition metal complex of a tran^tion metal, such as cobalt, and a non-macro- 
cyclic ligand); US. Pat. 4,430,243, to Bragg, issued February 7, 1984 (laundiy 
bleaching compositions comprising catalytic heavy metal cations, including cobalt); 
German Patent Specification 2,054,019, published October 7, 1971 by Unilever N.V. 

30 (cobalt chelant catalyst); and European Patent Application Publication No. 549,271, 
published Jime 30, 1993 by Unilever PLC (maaocyclic organic ligands in cleaning 
compositions). 

SUMMARY OF T HE INVENTION 
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10 



It has now been discovered that a specific group of ISIH3 coordinated, cobak- 
containing catalysts provide unexpected, superior compatibility and stablity in bleach 
compositions. These properties make these catalysts especially usefiil for improved 
automatic dishwashing detergent (-ADD") cleaning peiformance and laundry 
applications^ as well as for hard surface cleaners. Such performance is illustrated by, 
but not limited to, tea stain removal. 

Taken broadly, the present invention encompasses bleaching compositions 
comprising: 

(a) a catalytically effective amount of a cobalt catalyst having the formula: 
[Co(NH3)5M]Ty 



wherein cobalt is in the +3 oxidation state; M is a carboxylate-containing 
ligand having the formula RC(0)0-, and T is one or more counteraiuons present in a 

15 number y, where y is an int^er to obtain a charge-balanced salt (preferably y is 1 to 
3; most preferably 2 when T is a -1 charged aiuon). preferred T are selected from the 
group consisting of chloride, iodide, 13-, formate, nitrate, nitrite, sulfate sulfite, 
dtmtc, aCciate, carbonate, bromide, PFg", BF4-, B(Ph)4-, phosphate, phosphite, 
silicate, tosjdate, methanesulfonate, and combinations thereof (optionally, T can be 

20 protonated if more than one anionic group exists in T, e.g., HPO42-, HCO3", 
H2PO4-, etc.); 

(b) an effective amount of a source of hydrogen peroxide; and 

(c) adjunct materials, preferably automatic dishwashing detergoit or laundry 
adjunct matoials. 

25 The preferred detergent compositions herein fiirther ccmiprise an amylase 

enzyme. Whereas conventional am^ases such as TERMANfYL® may be used with 
excdloit resuhs, preferred ADD compositions can use oxidative ^ility-enhanced 
amylases. Such an amylase is available from NOVO. In it, oxidative stability is 
enhanced from substitution using threonine of the methionine residue located in 

30 position 197 of BJJcheniformis or the homologous position variation of a similar 
parent amylase. 

The instant ADD's have numerous advantages, for example they are 
economical, compact, less damaging to consumer tableware than might be expected 
on the ba^ of their potent bleaching action, they are not reliant on chlorinated 
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compounds, and they may be formulated to avoid the undesirable use of overly high 
levels of caustic ingredients. In certain preferred embodiments, they are substantially 
free of boron and/or phosphate. 

In the ADD composition embodiments, additional bleach-improving materials 
5 can be presem. Preferably, these are selected from bleach activator materials, such as 
tetraacetylethylenediamine ("TAED"). 

The present invention encompasses granular-form, fuUy-formuiated ADD's, 
preferably phosphate builder-free and chlorine bleach-free, in which additional 
ingredients, including other enzymes (especially proteases and/or amylases) are 
10 formulated. 

The preferred laundry compositions herein fiirther comprise proteases and/or 
lipases and/or amjdases and/or cellulases. 

The instant invention also encompasses cleaning methods, such as a method 
of washing tableware in a domestic automatic dishwashing appliance, comprising 
15 treating the sofled tableware in an automatic dishwasher with an aqueous «n»i«n» 
bath comprismg a cobalt-containing catalyst having the formula as provided 
hereinbefore and a source of hydrogen peroxide. The present invention also includes 
methods for clearing or bleaching febrics, said methods comprising treating fibric in 
need of daning or bleaching with an aqueous solution comprising a cobalt-containing 
20 catalyst having tiie fbrmula as provided hereinbefore and a source of hydrogoi 
peroxide, and optionally in the presence of a bleach activator. 

The present invration also rdates to automatic didnvashing rinse aid 
compositions comprising a cobak-containing catalyst as described herein, and 
meUiods for treating tableware in a domestic automatic dishwashir^ appliance during 
25 a rinse cyde with these cobalt-contaming catalysts. 

As already noted, the invention has advantages, induding tiie excdlent 
combination of tea stain removal, good dishcare, and good overall cleaning aided by 
a greater flexibility to formulate enzymes, especially amylases. 

All parts, percentages and ratios used h»dn are expressed as percem weight 
30 unless otiierwise specified. All documents dted are, in rdevam part, incorporated 
heron by reference. 

DETAILED DFSrHTP TIQN OF THF INVKNTTHK 
Bleach Conroositions! 
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The bleach compositions of the present invention preferably comprise a 
source of hydrogen peroxide and a particularly selected cobalt catalyst. The source 
of hydrogm peroxide is any common hydrogen-peroxide releasing salt, such as 
sodium perborate, sodium percarbonate, and mixtures thereof Also usefiil are 
5 sources of available orjrgen such as persulfate bleach (e.g., OXONE, manufactured 
byDuPont). 

In the preferred ADD compositions, additional ingredients such as water- 
soluble silicates (usefiil to provide alkalinity and assist in controlling corrosion), low- 
foaming nonionic surfactants (especially useful in automatic dishwashing to control 

10 spotting/fihning), dispersant polymers (which modify and inhibit aystal growth of 
calchim and/or magnesium saltsX chelants (which control tranation metals), 
builders such as citrate (which help control calcium and/or magnesium and may asast 
bufiering action), alkalis (to adjust pH), and deterave en^es (to assist with tough 
food cleaning, especially of starchy and protdnaceous soils), are present. Additional 

IS bleach-modifying materials such as conventional bleach activators such as TAED 
may be added, provided that any such bleach-modifying materials are delivered in 
such a manner as to be compatible with the purposes of the preset invention. The 
present detergent compositicns may, moreover, comprise one or more processing 
aids^ fillers^ perfimies, conventional enzyme particle-making materials including 

20 enzyme cores or "nonpareils", as well as pigments, and the like. 

In the preferred laundry compositions, arfffitmiil ingredients such as builders 
(e.g., zeolite), anionic sur&ctants (e.g., linear aO^l benzene sulfonates, alkyl sul&tes, 
alkyl ethoxy sulfates), low foaming nonionic sur&ctants, soil release polymers, 
chelants, detersive enz^es, brighteners, dye transfer inhibitors, and/or bleach 

25 activators are present. 

In general, materials used for the production of ADD compositions herein are 
preferably checked for compatibility with spotting/filming on glassware. Test 
methods for spotting/fihning are generally described in the automatic dishwashing 
detergent literature, including DIN test methods. Certain oily materials, especially at 

30 longer cham lengths, and insoluble materials such as days, as well as long-chain &tty 
adds or so^s which form soap scum are therefore preferabfy limited or excluded 
from the instant compositions. 

Amounts of the essential ingredients can vary within wide ranges, however 
preferred automatic dishwashing detergent compositions hodn (which have a 1% 
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aqueous solution pH of from about 7 to about 12, more preferably from about 9 to 
about 1 1.5, and most preferably less than about 1 1, especially from about 9 to about 
11) are those wherein there is present: from about 0.1% to about 70%, preferably 
from about 0.5% to about 30% of a source of hydrogen peroxide; from about 0.01% 
5 to about 1%, preferably from about 0.08% to about 0.36% of the cobalt catalyst; 
from about 0.1% to about 40%, preferably from about 0.1% to about 20% of a 
water-soluble siUcate; and from about 0.1% to about 20% , preferably from about 
0.1% to about 10% of a low-foaming nonionic surfectant. Such My-formulated 
embodiments ^ically further comprise from about 0.1% to about 15% of a 
10 polymeric dispersant, from about 0.01% to about 10% of a chelant, and from about 
0.00001% to about 10% of a detersive enzyme though fiuther additional or adjunct 
ingredients may be present. Detergent compositions herein in granular form typically 
limit water content, for example to less than about 7% free water, for best storage 
stability. 

15 Further, preferred ADD compositions of this invmtion are substantially free of 

chlorine bleach. By "substantially free" of chlorine bleach is meant that the 
formulator does not deliberately add a chlorine-containing bleach additive, such as a 
chloroisocyanurate. to the preferred ADD composition. However, it is recognized 
that because of factors outade the control of the formulator, such as chlorination of 

20 the water supply, some non-zero amount of chlorine bleach may be presem in the 
wash liquor. The term "substantially free" can be similarly constructed with reference 
to preferred limitation of other ingredients, such as pho^hate builder. 

By "efifective amount" herein is meant an amount whidi is sufficient, under 
whatever comparative test conditions are emplc^ed, to enhance deamng of a soiled 

25 surfiice. Likewise, the term "catalytically eflfectivc amount" refera to an amomxt of 
cobalt catalyst which is sufficient under whatever comparative test conditions are 
employed, to enhance cleaning of tiie soiled surface. In automatic dishwashing, tiie 
soiled surfece may be, for example, a porcelain cup with tea stain, dishes soOed with 
simple starches or more complex food soils, or a plastic spatula stained with tomato 

30 soup. The test conditions will vary, depending on the type of washing appliance used 
and the habits of the user. Some machines have conaderably longer wash cycles than 
othera. Some usere elect to use warm water without a great deal of heating inade 
tiie appliance; otiiera use warn or evoi cold water fill, followed by a waim-up 
tiirough a built-in electrical coB. Of course, the perfi)nnance of bleaches and 
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enzymes will be affected by such considerations, and the levels used in fiiUy- 
foimulated detei:gent and cleaning compositions can be appropriately adjusted. 
Cg^alt Catalyst;: 

The present invention compoations and methods utilize cobalt (HI) catalysts 
S having the formula: 

[Co(NH3)5M]Ty 

wherein cobalt is in tiie +3 oxidation state; M is a substituted and unsubstituted 

10 C1-C30 caiboxyUte-containing ligand having tiie fonnula RC(0)0-, and T is one or 
more appropriately sdected counteramons present in a number y, where y is an 
integer to obtain a charge-balanced sah (preferably y is 1 to 3; most preferably 2 
when T is a -1 charged anion), preferred T are selected from the group consisting of 
chloride, iodide, I3-, formate, nitrate, nitrite, sulfate, sulfite, dtiate, acetate, 

15 carbonate, bromide, PFg*, BF4-, B(Ph)4-, phosphate, phosphite, silicate, tosylate, 
methanesulfonate, and combinations thereof Optionally, T can be protonated if 
more tiian one anionic group exists in T, e.g., HPO42-, HCO3-, H2PO4-. etc. 
Further, T may be selected from the group consisting of non-ti^ditional inorganic 
anions such as anionic surfactants (e.g., linear allcylbenzene sulfonates (LAS), alkyi 

20 sulfites (AS), alkylethoxysulfonates (AES), etc.) and/or anionic polymers (e.g., 
potyaciylates, polymethao^es, etc.). 

The M moieties indude mono-caibo^Qiates, v/tioh are prefeired, but more 
than one caifaoj^late may be present in the moiety as loqg as tiie binding to the cobalt 
is by only one caiboxylate per moiety (in v/bich case the other cariw^hte in the M 

25 moiety may be protonated or in its salt form), and such caiboxylates do not indude 
oxalate. Preferred M moieties are carboxylic adds havii^ the formulas: 

RC(0)0- 

wherdn R is preferably sdected from tiie group consisting of hydrogen and 
C1-C30 (preferably Ci-Cig) unsubstituted and substituted allqd, C6-C30 (preferably 
30 C6-C18) unsubstituted and substituted aiyl, and C3-C30 (prefaably C5-C18) 
unsubstitiited and substituted heteroar^ wherdn substitumts are sdected from the 
group consisting of -NR'3, -NR'4+ .C(0)OR', -OR". -C(0)NR'2. wherdn R' is 
selected firom the group conasting of faydrogoi and Ci-Cg moieties. Sudi 
substituted R tiierefore indude tiie moieties -(CH2)nOH and -(CH2)nNR'4+ wherein 
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n is an integer from 1 to about 16, preferably from about 2 to about 10, and most 
preferabfy from about 2 to about S. 

Most preferred M are caibox^c adds having the formula above wherein R is 
selected from the groi^ consisting of hydrogen, meti^ ethyl, prop^ straight or 
5 branched C4-C12 alkyl. and benzyl. Most preferred R is methyl Prefeired 
carboxylic add M moieties indude formic, benzoic, octanoic, nonanoic. decanoic, 
dodecanoic, malonic, maldc, succinic, adipic, phthaUc, 2-ethyiheJcanoic, naphthenoic, 
oldc, palmitic, triflate, tartrate, stearic, butyric, citric, aaylic, aspartic, firaiaric, 
lauric, linoldc, lactic, malic, and especially acetic add. 

10 Certain of the cobalt bleach catalysts useful herein are known, being 

described for example along with thdr base hydrolysis rates, in M. L. Tobe, "Base 
Hydrolysis of Transition-Metal Complexes", Adv. Inor^ Bioinorg. Mech (1983), 2, 
pages 1-94. For example. Table 1 at page 17, provides the base hydrolysis rates 
(deagnated therein as kQij) for Uie cobalt pentaanune catalysts complexed with 

15 formate (koH= 5.8 x 10-4 m-1 s"! (25"C)), and acetate (koH= 9.6 x 10^ M"! rl 
(25«'C)). The preferred cobalt catalyst useau herein has the formula 
[Co(NH3)50Ac] Ty, wherdn OAc represents an acetate moiety, and especial^ 
cobalt peniaamine acetate chloride, [Co(NH3)50Ac]Cl2 (herdn "PAC"); as well as 
ICo(NH3)50Ac](OAc)2; [Co(NH3)50Ac](PF6)2; [Co(NH3)50Ac](S04); and 

20 (Co(NH3)50Ac](BF4)2. 

Cobalt catalysts are readily prepared by known procedures, sudi as taught for 
example in M L. Tobe, "Base Hydrolysis of Transition-Metal Complexes", Adv. 
Inorg, Biqinorg. M^h,. (1983), 2. pages 1-94, and the references dted therein; in 
U.S. Patent 4,810,410, to Diakun et al, issued March 7,1989, J. Chem. Ed (1989). 

25 ^6 (12), 1043-45; The Synthesis and Characterization of Inorganic Compounds, 
Wi. Jolly (Prentice-Hall; 1970), pp. 461-3; Inore. Chem . IS, 1497-1502 (1979); 
Inorg, Chgm-. 2L 2881-2885 (1982); Inore. Chem. J8. 2023-2026 (1979); Inorg. 
Symhesis, 173-176 (1960); and Journal of Physi cal Chemistry. 22-25 (1952); as 
well as the synthesis examples provided hereinafter. 

30 These cobalt catalysts may be coprocessed with adjunct materials so as to 

reduce the color impact if desired for the aesdietics of the product, or the 
compoation may be manufactured to contain catalyst "speckles". 

As a practical matter, and not by way of limitation, the ADD compositions 
and processes herein can be adjusted to provide on the order of at least one pan per 
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ten million of the active cobalt catalyst species in the aqueous washing medium, and 
wifl preferably provide from about 0.1 ppm to about 50 ppm, more preferably from 
about 1 ppm to about 25 ppm, and most preferably from about 2 ppm to about 10 
ppm, of the cobalt catalyst species in the wash liquor. In order to obtain such levels 
5 in the wash Uquor, typical ADD compositions herein wiU comprise from about 0.04% 
to about 1%, more preferably from about 0.08% to about 0.36%, by weight of an 
ADD compositions. 

Hydrogen Peroxide Source 

Hydrogen peroxide sources are described in detail in the hereinabove 

10 incorporated Kiik Othmer's Encyclopedia of Chemical Technology, 4th Ed (1992, 
John Wiley & Sons), Vol. 4. pp. 271-300 "Bleaching Agents (Survey)", and include 
the various forms of sodium peri)orate and sodium percarbonate, including various 
coated and modified forms. An "eflfective amount" of a source of hydrogen peroxide 
is any amount capable of measurably inq)roving stain removal (espedaOy of tea 

15 stains) from soiled dishware compared to a hydrogen peroxide source-free 
composition when the soUed dishware is washed by the consumer in a domestic 
automatic dishwasher in the presence of alln^ lj 

More generally a source of hydrogen peroxide herein is any convenient 
compound or mixture which under consumer use conditions provides an eflfective 

20 amount of hydrogen peroxide. Levels may vary widely and are usually in the range 
from about 0.1% to about 70%, more typically from about 0.5% to about 30%, by 
weight of the ADD conqiositions herein. 

The preferred source of hydrogen peroxide used ina&n can be any convenient 
source, including hydrogen peroxide itself For example, perborate, eg., sodmm 

25 perborate (any hydrate but preferably tiie mono- or tetra-hydiate), sodhun carbonate 
peroxyhydrate or equivalent percarbonate salts, sodium pyrophosphate 
peroxyhydrate, urea peroxyhydrate, or sodium peroxide can be used herdn. Also 
usefiil are sources of available oxygen such as perailfate bleach (e.g., OXONE, 
manufecturedbyDuPont). Sodium pwborate monohydrate and sodium percarijonate 

30 are particulariy preferred. Mbctures of any convenient faydrogoi peroxide sources 
can also be used. 

A preferred percarbonate bleach comprises dry particles having an average 
particle size in the range from about 500 micrometers to about 1,000 miat>meters, 
not more than about 10% by weight of said particles being smaller than about 200 
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micrometers and not more.than about 10% by weight of said particles being laiger 
than about 1^50 micrometers. OptionaUy. the percaibonate can be coated with a 
siUcate, borate or water-soluble surfactants. Percarbonate is available from various 
commercial sources such as FMC, Solvay and Tokai Denka. 
5 While eflFective bleaching compositions herein may comprise only the 

identified cobalt catalysts and a source of hydrogen peroxide, fiiUy-formulated ADD 
compositions typically wiU also comprise other automatic dishwashing detergent 
adjunct materials to improve or modify performance. These materials are selected as 
appropriate for the properties required of an automatic dishwashing compositioa 

10 For example, low spotting and filming is desired - preferred compositions have 
spotting and fibning grades of 3 or less, preferably less than 2, and most preferably 
less than 1, as measured by the standard test of The American Society for Testing 
and Materials ("ASTM") D3556.85 (Reapproved 1989) "Standard Test Method for 
Deposition on Glassware During Mechanical Dishwashing". Also for example, low 

15 sudsing is desired - preferred compositions produce less than 2 inches, more 
preferably less than 1 inch, of suds in the bottom of the dishwashing machine during 
normal use conditions (as determined using known methods such as, for example, 
that described in U.S. Patent 5,254,363, lo Welch et al., issued March 15, 1994). 
Adjunct Materials- 

20 Detersive ii^gredients or adjuncts optionally included in the instant 

compositions can inchide one or more materials for asasting or enhancii^ cleaning 
performance, treatment of the substrate to be cleaned, or deagned to inq)rove the 
aesthetics of the compositions. They are fiirther selected based on the form of the 
contrition, Ic., whether the composition is to be sold as a liqmd, paste (semi- 

25 solidX or solid form Oncluding tablets and the preferred granular forms for the 
present compositions). Adjuncts which can also be included in compositions of the 
present invention, at their conventional art-established levels for use (generally, 
adjunct materials comprise, in total, from about 30% to about 99.9%, preferably 
from about 70% to about 95%, by weight of the compositions), indude other active 

30 ingredients such as dispersant polymers (e.g., from BASF Corp. or Rohm & Haas), 
color speckles, silvercare, anti-tamish and/or anti-corrosion agents, dyes, fiUers, 
germiddes, alkalinity sources, hydrotropes, anti-oxidants. enzyme gmhiii^ng ageits, 
perfimies, solubilizing agents, carriers, processing aids, pigments, and, for liquid 
formulations, solvents, as described in detail hereinafter. 
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1 Detergent Surfactants! 

^) — Low-Foaming Nonionic Surfactant * Surfactants are usefiil in Automatic 
Dishwashing to assist cleaning, help defoam food soil foams, espedally from 
proteins, and to help control spotting/filnung and are desirably included in the present 
5 detergent compositions at levels of from about 0.1% to about 20% of the 
composition. In general, bleach-stable surfactants are preferred. ADD (Automatic 
Dishwashing Detergent) compositions of the present invention prefereably comprise 
low foaming nonionic surfactants (LFNIs). LFNI can be present in amounts from 0 
to about 10% by weight, preferably from about 0.25% to about 4%. LFNIs are most 

10 typically used in ADDs on account of the improved wat»-sheeting action (especially 
from glass) wluch they confer to the ADD product. They also encompass non- 
silicone, nonphosphate polymeric materials further ilhistrated hereinafter which are 
known to defoam food soils encountered in automatic dishwashing. 

Preferred LFNIs include nonionic alkox^ed stirfactants, especially ethoxy- 

15 lates derived from primary alcohols, and blends thereof with more sophisticated 
sur&ctants, such as the polyoxypropylene/polyoxyethylene/polyoxypropylene 
(PO/EO/PO) reverse block polymers. The PO/EO/PO polymer-type sur&ctants are 
weli-knowu to have foam suppressing or defoaming action, especially in relation to 
common food soil ingredients such as egg. 

20 The invention encompasses preferred embodiments wherein LFNI is present, 

and wherein this component is solid at about 95^ (35^0), more preferably solid at 
about 770F(250C). For ease of manufacture, a preferred LFNI has a melting point 
between about TT^F (250C) and about MO^F (eO^C), more preferably between 
about 80«>F (2is.60C) and llOOP (43.30C). 

25 In a preferred embodiment, the LFNI is an ethoxylated surfactant derived from 

the reaction of a monohydroxy alcohol or alkylphenol containing from about 8 to 
about 20 carbon atoms, with from about 6 to about 15 moles of ethylene oxide per 
mole of alcohol or alkyl phenol on an average basis. 

A particulariy preferred LFNI is derived from a straight chain &tty alcohol 

30 containing from about 16 to about 20 carbon atoms (C15-C2O alcoholX preferably a 
Cig alcohol, condensed with an avmge of from about 6 to about IS moles, 
preferably from about 7 to about 12 moles, and most preferably from about 7 to 
about 9 moles of ethylene oxide per mole of alcohol. Preferably the ethoi^ated 
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nonionic surfactant so derived has a nairow ethoxylate distribution relative to the 
avoage. 

The LFNI can optionally contain propylene oxide in an amount up to about 
15% by weight. Other preferred LFNI surfectants can be prepared by the processes 
5 described in U.S. Patent 4,223,163, issued September 16, 1980, Builloty, 
incorporated herein by reference. 

Highly preferred ADDs herein wherein the LFNI is present make use of 
ethoxylated monohydroxy alcohol or alkyl phenol and additionaUy comprise a 
polyoxyethylene, polyoxypropylene block polymeric compound; the ethoxylated 
10 monohydroxy alcohol or alkyl phenol fraction of the LFNI comprising fixim about 
20% to about 100%, preferably from about 30% to about 70%, of the total LFNI. 

Suitable block polyoxyethylene-polyoxypropylene polymeric compounds that 
meet the requirements described hereinbefore include those based on eth^ene glycol, 
propjiene glycol, glycerol, trimethylolpropane and ethylenediamine as initiator 
15 reactive hydrogen compound. Polymeric compounds made from a sequential 
ethoxylation and propoxylation of initiator compounds with a single reactive 
hydrogen atom, such as C12.I8 aliphatic alcohols, do not generally provide 
saHs&ctorj' suds control in the instant ADDs. Certain of the block polymer 
sutfiictant compounds designated PLURONIC® and TETRONIC® by the BASF- 
20 Wyandotte Corp., Wyandotte, Michigan, are suitable in ADD compositions of the 
invention. 

A particulariy preferred LFNI contains fix>m about 40% to about 70% of a 
polyoxypropylene/polyoxyethylene/polyoxypropyiene block polymer blend 
comprising about 75%, by weight of the bleid, of a reverse block co-polymer of 
25 polyoxyethylene and polyoxypropydene containing 17 moles of ethylene oxide and 44 
moles of propylene oxide; and about 25%, by weight of the blend, of a block co- 
polymer of polyoxyethylene and polyoxypropylene initiated widi trimethylolpropane 
and containing 99 moles of propylene oxide and 24 moles of etl^ene onde per mole 
of trimethylolpropane. 

30 Stutable for use as LFNI in the ADD compositions are those LFNI having 

relative low doud points and high l^droplulic-lipophilic balance (HLB). Cloud 
points of 1% sohitions in wato- are typical^ betow about 320C and preferably lower, 
e.g.. (fiC, for optimum control of sudang throughout a fiiU range of water 
temperatures. 
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LFNIs which may also be used include a Cig alcohol polyethoxylate. having a 
degree of etfaoxyladon of about 8, commercially available as SLF18 from Olin Corp., 
and any biodegradable LFNI having the melting point properties discussed 
hereinabove. 

^ (b) — Amonic Co-surfactant • The automatic dishwashing detergent compo^tions 
herein are preferably substantially free from anionic co-surfactants. It has been 
discovered that certain anionic co-surfectants, particulariy fatty carboxylic acids, can 
cause unsightiy films on dishware. Moreover, many anionic surfectants are high 
foaming. If present, the anionic co-surfectant is typically of a type having good 
10 sohibility in the presence of calchim. Such anionic co-surfactants are fimher 
illustrated by sulfobetaines, alfcyl(polyethoxy)sulfates (AES), alkyl 
(polyetho3Qr)caibo;Qrlates, and short diained Cg-Cio alkyl sul&tes. 
2. Detersive Enzymes 

''Detersive enqmie", as used herein, means any enzyme having a cleaning, 

IS stain removing or otiierwise benefidal effect in an ADD composition. Preferred 
deterave enzymes are hydrolases such as proteases, amylases and lipases. Highly 
preferred for automatic dishwashing are amylases and/or proteases, including both 
current commerciaily available types and improved types which, though more bleach 
compatible, have a remaining degree of bleach deactivation susceptibility. 

20 In general, as noted, preferred ADD compoations herein comprise one or 

more detersive enzymes. If only one enzyme is used, it is preferably an amyolytic 
enzyme when the composition is for automatic dishwashing use. Highly preferred for 
automatic dishwashing is a mbcture of proteolytic enzymes and amyloytic enzymes. 
More generally, the enzymes to be incorporated inchide proteases, am^ases» 

25 lipases, cellulases, and peroxidases, as well as mixtures thereof Other types of 
enzymes may also be included. They may be of any suitable origin, such as 
vegetable, animal, bacterial, fungal and yeast origin. However, tiieir choice is 
governed by several factors such as pH-activity and/or stability optima, 
thCTnostabihty, stability versus active detergents, builders, etc. In this respect 

30 bacterial or fungal enzymes are preferred, such as bacterial amylases and proteases^ 
and fimgal cellulases. 

Enzymes are normally incorporated in the instant detergent compositions at 
levels suflBdmt to provide a 'cleaning-effective amount". The term "deaning- 
effective amount" refers to any amount capable of producing a deaning, stsun 
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removal or soil removal eflFect on substrates such as fabrics, dishware and the like. 
Since enzymes are catalytic materials, such amounts may be veiy small. In practical 
terms for current commercial preparations, typical amounts are up to about S mg by 
wdght, more typically about 0.01 mg to about 3 mg, of active enzyme per gram of 
5 the composition. Stated otherwise, the compositions herein will typically comprise 
from about 0.001% to about 6%, preferably 0.01%.1% by weight of a commercial 
enzyme preparation. Protease enzymes are usually present in such commercial 
preparations at levels sufficient to provide from 0.005 to 0.1 Anson units (AU) of 
activity per gram of composition. For automatic dishwashing purposes, it may be 

10 desirable to increase the active enzyme content of the commercial preparations, in 
order to minimize the total amount of non-catalyticaUy active materials delivered and 
therd}y improve spotting/fibning results. 

Suitable examples of proteases are the subtilians which are obtained from 
particular strains of A subtilis and B. licheniformis. Another suitable protease is 

1 S obtained from a strain of Bacillus, having maximum activity throughout the pH range 
of 8-12, developed and sold by Novo Industries A/S as ESPERASE®. The 
preparation of this enzyme and analogous enzymes is described in British Patent 
SpeciScation No. 1,243,784 of Novo. Proteolytic enzymes suitable for removing 
protdn-based stains that are commerdaliy available include those sold under the 

20 tradenames ALCALASE® and SAVINASE® by Novo Industries A/S (Denmark) 
and MAXATASE® by International Bio-Synthetics, Inc. (The Netherlands). Other 
proteases include Protease A (see European Patent Application 130,756, published 
January 9, 198S) and Protease B (see European Patent >^plication Serial No. 
87303761.8, filed April 28, 1987, and European Patent Application 130,756, Bott et 

25 al, published January 9, 1985). 

An especially preferred protease, referred to as "Protease D" is a caiboi^ 
hydrolase variant having an amino add sequence not found in nature, which is 
derived from a precursor carbonyl hydrolase by substituting a different amino add for 
a phirality of amino acid residues at a position in said carbonyl hydrolase equivalent 

30 to position +76, preferably also in combination with one or more amino add residue 
positions equivalent to those selected from the group consisting of +99, +101, +103, 
+104, +107, +123, +27. +105, +109, +126, +128, +135, +156, +166, +195, +197. 
+204, +206, +210, +216, +217, +218, +222, +260, +265, and/or +274 according to 
the numbering of BaciUus amyhliquefaciem g»ViK?n, as desoibed in the patent 
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appUcations of A. Baeck, et al, entitled "Protease-Containing Cleaning 
Compositions" having U.S. Serial No. 08/322.676, and C. Ghosh, et al. "Bleaching 
Conqmations Conq)riang Protease Enzymes" having U.S. Serial No. 08/322,677, 
both filed October 13, 1994. 
5 Amylases suitable herein include, for example, a-amylases described in British 

Patent Specification No. 1,296,839 (Novo), RAPIDASE®, International Bio- 
Synthetics, Inc. and TERMAMYL®, Novo Industries. 

Engineering of enzymes (e.g., stability-enhanced amylase) for improved 
stability, e.g., oxidative stability is known. See. for example XBiological Chem., Vol. 

10 260, No. 11, June 1985, pp 6518-6521. "Reference amylase" refers to a 
conventional amylase inside the scope of the amylase component of this invention. 
Further, stabiUty-^nhanced amylases, also within the invention, are typicaUy 
compared to these "rdbrence am^es". 

The present invention, in certain preferred embodiments, can makes use of 

15 amylases having improved stabiUty in detergents, especially improved oxidative 
stability. A convenient absolute stability reference-point against M*ich anqrlases used 
in these preferred embodiments of the instant invention rq)resent a measurable 
Lmprovsment is the siabiiity of TERMAMYL® in commercial use in 1993 and 
available fi^m Novo Nordisk A/S. This TERMAMYL® amylase is a "reference 

20 amybse", and is itself weU-suited for use in the ADD (Automatic Dishwashing 
Detetgent) conqiositions of the invention. Even more preferred amylases herdn 
share the characteristic of being "stability-enhanced" an^Iases, ^racterized. at a 
minimum, by a measurable unprovement in one or moi« of: oxidative stability, e.g., 
to hydrogen peroxide/tetraacetylethylenediamine in buffered sohttion at pH 9-10; 

25 thermal stability, e.g., at common wash temperatures such as about 60OC; or alkaline 
stability, e.g., at a pH from about 8 to about 11, all measured vewus the above- 
identified reference-amylase. Preferred amylases herdn can demonstrate fiirther 
improvement versus more challenging reference amylases, the latter reference 
amylases bdng illustrated by any of the precursor amylases of wMch preferred 

30 anqrtases within the invention are variants. Such precursor amylases may themsehres 
be natural or be the product of genetic engineering. StabiUty can be measured using 
any of the art-disclosed technical tests. See references disclosed in WO 94/02597, 
itself and documents therein referred to bdng incorporated by refoence. 
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In general, stability-enhanced amylases respecting the preferred embodiments 
of the invention can be obtained from Novo Nordisk A/S, or from Genencor 
International. 

Preferred amylases herein have the commonality of being derived using site- 
5 directed mutagenesis from one or more of the Baccillus am5dases, espedaly the 
Bacillus alpha-amylases, regardless of whether one, two or multiple amylase strams 
are the immediate precursors. 

As noted, "oxidative stability-enhanced" amylases are preferred for use herein 
despite the fiwt that the invention makes them "optional but prefOTed" materials 
10 rather than essential. Such amylases are non-limitingly illustrated by the following: 

(a) An amylase according to the hereinbefore incorporated WO/94/02597, 
Novo Nordisk A/S, published Feb. 3. 1994, as further iUustrated by a mutant in 
which substitution is made, uang alanine or threonine (preferabfy threomne), of the 
methionine residue located m position 197 of the BMcheniformis alpha*amylase, 

15 known as TERMAMYL®, or the homologous position variation of a similar parent 
amjdase, such as A amyloliquefaciens, B^subtilis. or B.stearothermophilus; 

(b) Stability-enhanced amylases as described by Genencor International in a 
paper entitled "Oxidatively Resistant aipha-Amyiases" presented at the 207th 
American Chemical Society National Meeting. March 13-17 1994, by C. Mitchinson. 

20 Thmin it was noted that bleaches in automatic dishwashing deteigents inactivate 
alpha-amjiases but that improved oxidative stability amylases have been made by 
Genencor from BMcheniformis NCnB8061. Methiomne (Met) was identified as the 
most likely residue to be modified. Met was substituted, one at a time, in positions 
8,15,197,256,304,366 and 438 leadmg to spedfic mutants, patticularly important 

25 bdng M197L and M197T with the M197T variant bdng the most stable expressed 
variant. Stability was measured in CASCADE® and SUNLIGHT®; 

(c) Particularly preferred herdn are amylase variants having additional 
modification in the immediate parent available from Novo Nordisk A/S. These 
amylases do not yet have a tradename but are those referred to by the supplier as 

30 QU7+M197T. 

Any other o»dative stability-enhanced amylase can be used, for example as 
derived by site-directed mutagenesis from known chimeric, l^rid or simple mutant 
parent forms of available am^ases. 
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Cellulases usable in, but not preferred, for the present invention include both 
bacterial or fungal cellulases. Typically, they will have a pH optimum of between 5 
and 9.S. Suitable cellulases are (tisclosed in U.S. Patent 4,435,307, Barbesgoard et 
al, issued March 6, 19S4, which discloses fimgal cellulase produced from Humicola 
5 insolens and Humicola strain DSMI800 or a cellulase 212-producing fimgus 
belonging to the genus Aeromonas, and cellulase extracted from the hepatopancreas 
of a marine moUusk (Dolabella Auricula Solander), Suitable cellulases are also 
disclosed in GB-A-2.075.028; GB-A-2.095.275 and DE-OS-2.247.832. 
CAREZYME® (Novo) is especially usefiil. 

10 Suitable lipase enzymes for detergent use include those produced by 

microorganisms of the Pseudomonas group, such as Pseudomonas stuizeri ATCC 
19.1S4, as disclosed in British Patent 1,372,034. See also lipases in Japanese Patent 
Application 53,20487, laid open to public inspection on February 24, 1978. Tlus 
lipase is available from Amano Pharmaceutical Co. Ltd., Nagoya, Japan, under the 

15 trade name Lipase P "Amano," herdnafter referred to as "Amano-P." Other 
commercial lipases include Amano-CES, lipases ex Chromobacter viscosum, e.g. 
Chromobacter viscosum var. lipofyticum NRRLB 3673, commercially available from 
Tcyc Jczo Co., Tagaia, Japan; and forther Chromobacter viscosum lipases from U.S. 
Biochemical Corp., U.S.A. and Disoynth Co., The Netherlands, and lipases ex 

20 Pseudomonas gladioli. The UPOLASE® enzyme derived from Humicola 
lanuginosa and commercially available from Novo (see also EPO 341,947) is a 
preferred lipase for use herein. Another preferred lipase enzyme is the D96L variant 
of the native Humicola lanuginosa lipase, as described in WO 92/05249 and Research 
Disclosure No. 35944, March 10, 1994, both published by Novo. In general, 

25 lipolytic enzymes are less preferred than amylases and/or proteases for automatic 
^shwashing embodiments of the present invention. 

Peroxidase enzymes can be used in combination with oxygen sources, e.g., 
percarbonate, perborate, persulfate, hydrogen peroxide, etc. They are typically used 
for "solution bleaching," i.e. to prevent transfer of dyes or pigments removed from 

30 substrates during wash operations to other substrates in the wash solution. 
Peroxidase enzymes are known in the ait, and include, for example, horseradish 
peroxidase, ligninase, and haloperoxidase such as chloro- and bromo-peroxidase. 
Peroxidase-containing detergent compositions are disdosed, for example, in PCT 
International Application WO 89/099813, published October 19, 1989, by O. Kirk, 
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as^gned to Novo Industries A/S. The present invention encompasses peroxidase- 
free automatic dishwashing compoation embodiments. 

A wide range of enzyme materials and means for their incorporation into 
synthetic detergent compositions are also disclosed in U.S. Patem 3,553,139, issued 
5 January 5, 1971 to McCarty et al. Enzymes are fiirther disclosed in U.S. Patent 
4,101,457, Place et al, issued July 18, 1978, and in U.S. Patent 4,507,219, Hughes, 
issued March 26, 1985. &izymes for use in detergents can be stabilized by various 
techniques. Enzyme stabilization techniques are disclosed and exemplified in U.S. 
Patent 3,600,319, issued August 17, 1971 to Gedge, et al, and European Patent 
10 AppUcation Publication No. 0 199 405, AppUcation No. 86200586.5, published 
October 29, 1986, Venegas. Enzyme stabilization systems are also described, for 
example, in U.S. Patent 3,519,570. 
£a) Enzyme Stabilizing System - The 

enzyme^containing compositions, especially 
liquid compositions, herein may comprise from about 0.001% to about 10%, 

15 preferably from about 0.005% to about 8%, most preferably from about 0.01% to 
about 6%, by weight of an enzyme stabilizing system. The enzyme stabilizing system 
can be any stabiliang system which is compatible with the detersive enzyme. Such 
stabilizing systems can comprise caldum ion, boric acid, propylene glycol, short 
chain carboxylic acid, boronic acid, and mbctures thereof 

20 The stabilizing system of the ADDs herdn may fijrther comprise from 0 to 

about 10%, preferably from about 0.01% to about '6% by weight, of chlorine bleach 
scavengers, added to prevot chlorine bleach species present in many water supplies 
from attaddng and inactivating the enzymes, espedally undor alkaline conditions. 
While chlorine levels in water may be small, ^ically in the range from about 0.5 

25 ppm to about 1.75 ppm, the available chlorine in the total vohmne of water that 
comes in contact with the enzyme during dishwashing is relatively laige; accordingly, 
enzyme stability in-use can be problematic. 

Suitable chlorine scavenger anions are widely known and readily available, and 
are illustrated by salts containing ammonium cations with sulfite, bisulfite, thiosulfite, 

30 thiosul&te, iodide, etc. Antioxidants such as carbamate, ascorbate, etc., organic 
amines such as ethylenediaminetetracetic add (EDTA) or alkali m^ salt thereof 
monoethanolamine (MEA), and mbctures thereof can likewise be used. Oth^ 
conventional scavengers such as bisulfate, nitrate, chloride, sources of hydrogen 
peroxide such as sodhun perborate tetrahydrate, sodium perborate monobydrate and 
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sodium percarbonate, as well as phosphate, condensed phosphate, acetate, benzoate, 
dtrale, formate, lactate, malate, tartrate, salicylate, etc., and mixtures thereof can be 
used if deared. In general, since the chlorine scavenger function can be performed 
by several of the ingredients separately listed under better recognized fimctions. (e.g., 
5 other components of the invention such as sodium peiborate), there is no 
requirement to add a separate chlorine scavenger unless a compound performing that 
function to the desired extent is absent from an enzyme-containing embodiment of 
the invention; even then, the scavenger is added only for optimum results. Moreover, 
the fomuilator vdll exercise a chemist's normal skill in avoiding the use of any 

10 scavenger which is majorly incompatible with other ingredients, if used. In relation to 
the use of anmionium salts, such salts can be simply admixed with the detergent 
composition but are prone to adsorb water and/or hT)erate ammonia during storage. 
Accordingly, such materials, if present, are desirably protected in a particle such as 
that described in U.S. Patent 4,652,392, Baginsid et al. 

15 3 . Optional Bleach Adjuncts 

(a) Bleagh Activators • Bleach activator components are optional materials for the 
inventive compositions. Such activators are typified by TAED 
(tetraacetyletJiylenediairJnc). Numerous conventional activators are known. See for 
example U.S. Patent 4,915,854, issued April 10, 1990 to Mao et al, and US, Patent 

20 4,412,934. Nonanoyloxybenzene sulfonate (NOBS) or acyl lartam activators may be 
used, and mbctures thereof with TAED can also be used. See also U.S. 4,634,551 
for other typical conventional bleach activators. Also known are amido-derived 
bleach activators of the formulae: R1N(r5)C(0)r2c(0)L or 
r1C(0)N(R5)r2c(0)L wherein rI is an alkyl group containing from about 6 to 

25 about 12 carbon atoms, R^ is an alkylene containing from 1 to about 6 carbon atoms, 
r5 is H or allqd, aryl, or alkaryl containing from about 1 to about 10 carbon atoms, 
and L is any suitable leaving group other than an alpha-modified lactam. Further 
iUustration of bleach activators of the above formulae include (d-octanamido- 
caproyi)o)qrbenzenesulfonate, (6-nonanamidocaproyl)oxybenzenesulfonate, (6- 

30 decanamido-caproyl)oxybenzenesulfonate, and mixtures thereof as described in U.S. 
Patent 4,634,551. Another dass of bleach activators comprises the benzoxazin-type 
activators disdosed by Hodge et al in U.S. Patent 4,966,723, issued October 30, 
1990. Still another class of bleach activators includes acyl lactam activators such as 
octanoyl caprolactam, 3,5,5-trimethylhexanoyl caprolactam, honanojd caprolactam. 
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decanoyi caprolactam, undecenoyl caprolactam, octanoyi valwolactam, decanoyl 
valerolactam, undecenoyl valCTolactam, nonanoyl valerolactam, 3,5,5.trimethyl- 
hexanoyl valerolactam and mixtures thereof. The present compoations can 
optionally comprise acyl benzoates, such as phenyl benzoate. 
5 fb) Organic Peroxides, especially Diacvl PeroxidftQ - These are extensively illustrated 
in Kiric Othmer, Encyclopedia of Chemical Technology, Vol. 17, John Wiley and 
Sons, 1982 at pages 27-90 and especiaUy at pages 63-72, all incorporated herein by 
reference. If a diacyl peroxide is used, it will preferably be one which exerts minimal 
adverse impact on spotting/filming. 

10 4. pH and Buffering Variation 

Many detergent compositions herein will be buffered, i.e., they are relatively 
reastant to pH drop in the presence of acictic soils. However, other compositions 
herein may have exceptionally low buffering capacity, or may be substantially 
unbuffered. Techniques for controlling or vaiying pH at recommended usage levels 

IS more generally include the use of not only buffers, but also additional alkalis, adds, 
pH-jump systems, dual compartment containers^ etc., and are well known to those 
skilled in the art. 

The preferred ADD compositions herein comprise a pH-adjusting con^onent 
selected from water-soluble alkaline inorganic salts and water-sohible organic or 
20 inorganic builders. The pH-adjusting components are selected so that when the ADD 
is dissolved in water at a concentration of 1,000 - 5,000 ppm, the pH remains in the 
range of above about 8, preferably from about 9.S to about 11. The preferred 
nonphosphate pH*adjusting component of the invention is selected from the group 
consisting of: 
25 (i) sodium carbonate or sesquicarbonate; 

00 sodmm silicate, preferably hydrous sodium silicate having Si02:Na20 ratio of 
from about 1 : 1 to about 2: 1, and mbctures thereof with limited quantttes of 
sodium metasilicate; 
(m) sodium citrate; 
30 (iv) dtric add; 

(v) sodium bicarbonate; 

(vi) sodium borate, preferably borax; 

(vii) sodium hydroxide; and 

(viii) mixtures of OHvii). 
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Preferred embodiments contain low levels of silicate (i.e. from about 3% to 
about 10% Si02). 

Illustrative of highly preferred pH-adjusting component systems are binaiy 
mfactures of granular sodium citrate with anhydrous sodium carbonate, and three- 
5 component mbrtures of granular sodium citrate trihydrate, citric add monohydrate 
and anhydrous sodium carbonate. 

The amount of the pH adjusting component in the instant ADD compositions 
is preferably from about 1% to about 50%, by weight of the composition. In a 
preferred embodiment, the pH-adjusting component is present in the ADD 

10 composition in an amount from about 5% to about 40%, preferably from about 10% 
to about 30%, by weight. 

For compositions herein hawig a pH between about 9.5 and about 11 of the 
initial wash solution, particularly preferred ADD embodiments comprise, by weight 
of ADD, from about 5% to about 40%, preferabty from about 10% to about 30%, 

15 most preferably from about 15% to about 20%, of sodium dtrate with from about 
5% to about 30%, preferably from about 7% to 25%, most preferably from about 8% 
to about 20% sodium carbonate. 

The essential pK-adjusting system can be complemented Ci.e. for improved 
sequestration in hard water) by other optional detergency builder salts sdected from 

20 nonphosphate detergency builders known in the art, which mdude the various water- 
sohible, alkali metal, ammonium or substituted ammonmm borates, 
hydroxysulfonates, polyacetates, and polycarboxyiates. Preferred are the alkali 
metal, espedally sodhmi» salts of such materials. Alternate water-soluble, non- 
phosphonis organic builders can be used for their sequestering properties. Examples 

25 of polyacetate and polycarboxylate builders are the sodium, potassium, lithium, 
ammonium and substituted ammonium salts of ethjdenediamine tetraacetic add; 
nitrilotriacetic add, tartrate monosuccinic add, tartrate disucdnic add, ojqrdisucdnic 
acid, carboxymethoxysucdnic add, mellitic add, and sodium benzene 
polycarboxylate salts. 

30 (a^ Water>SQlubleSiIicateq 

The present automatic dishwashing detergent compositions may fixrther 
conq)rise water-soluble alicates. Water-soluble silicates herdn are any silicates 
which are soluble to the extent that they do not adveresely affect spotting/fihning 
characteristics of the ADD composition 



wo 97/00311 



PCT/US96/07118 



24 

Examples of silicates are sodium metasilicate and. more generally, the alkali 
metal silicates, particularly those having a Si02:Na20 ratio in the range 1.6:1 to 
3.2:1; and layered silicates, such as the layered sodium silicates described in U.S. 
Patent 4,664.839, issued May 12. 1987 to H. P. Rieck. NaSKS^® is a crystalline 
5 layered alicate marketed by Hoechst (commonly abbreviated herein as "SKS-6"). 
Unlike zeoUte buUders, Na SKS-6 and other water-soluble silicates usefiile herein do 
not contain aluminum. NaSKS-6 is the 5-Na2Si05 form of layered silicate and can 
be prepared by methods such as those described in German DE-A-3,417.649 and 
DE-A-3.742,043. SKS-6 is a preferred layered siUcate for use herein, but other such 

10 layered silicates, such as those having the general formula NaMSix02x4-i yH20 
viwrdn M is sodium or hydrogoi, x is a number from 1.9 to 4, preferably 2, and y is 
a number from 0 to 20, preferably 0 can be used. Various other layered silicates 
from Hoechst include NaSKS-5, NaSKS-7 and NaSKS-11, as the a-, p- and y- 
forms. Other alicates may also be usefiil, such as for example magneaum silicate, 

15 which can serve as a crispeiung agent in granular foimulations, as a stabilizing agent 
for oxygen bleaches, and as a component of suds control systems. 

Silicates particularly useful in automatic dishwashing (ADD) applications 
include grsnalar hydrous 2-ratio silicates such as BRTTESIL® ICO from PQ Corp., 
and the commonly sourced BRTTESIL® H24 though liquid grades of various 

20 alicates can be used when the ADD composition has liquid form. Within safe limits, 
sodium metaalicate or sodium hydroxide alone or in combination with otha- alicates 
may be used in an ADD context to boost wash pH to a desired level. 

L BldldSia - Detergoit builders other than alicates can optionaUy be included in 

the compositions herem to assist in controlling mineral hardness. Inorganic as wdl as 

25 organic builders can be used. Builders are typically used in automatic dishwashing 
and &bric laundering compoations, for example to assist in the removal of 
particulate soils. 

The levd of builder can vary widely depending upon the end use of the 
compoation and its desired physical form. When present, the compositions will 
30 typically comprise at least about 1% builder. High perfonnance compositions 
typically comprise from about 10% to about 80%, more typically from about 15% to 
about 50% by w«ght, of the detergent buUder. Lower or higher levels of builder, 
however, are not excluded. 
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Inorganic or P-containing detergent builders include, but are not limited to, 
the alkali metal, ammonium and alkanolammonium salts of polyphosphates 
(exemplified by the tripolyphosphates, pyrophosphates, and glassy polymeric mcta- 
phosphates), phosphonates, phytic acid, silicates, carbonates (including bicarbonates 
5 and sesquicarbonates), sulfates, and aluminosilicates. However, non-phosphate 
builders are required in some locales. Compositions herein function surprisingly well 
even in the presence of "weak" builders (as compared with phosphates) such as 
citrate, or in the so-called "undeibuilf situation that may occur with zeolite or 
layered silicate builders. See U.S. Pat. 4,605,509 for examples of preferred 
10 aluminosilicates. 

Examples of carbonate builders are the alkaline earth and alkali metal 
carbonates as disclosed in German Patent Application No. 2,321,001 published on 
November 15, 1973. Various grades and types of sodium carbonate and soduim 
sesquicarbonate may be used, certain of which are particulariy usefiil as carriers for 
1 5 other ingredients, especially detersive surfactants. 

Aluminosilicate builders may be used in the present compositions though are 
not preferred for automatic dishwashing detergents. Aluminosilicate builders are of 
great importance in most curreatly marketed heavy duty granular detergent 
compo^tions, and can also be a significant builder ingredient in liquid detergent 
20 formulations. Aluminosilicate builders include those having the empirical formula: 
NA20 AL203 xSiOz yH20 wherdn z and y are integers of at least 6, the molar ratio 
of z to y is in the range firom 1.0 to about 0.5, and x is an integer from about IS to 
about 264. 

Useful aluminosilicate ion exchange materials are commercially available. 

25 These aluminosilicates can be crystalline or amorphous in structure and can be 
naturally-occurring aluminosilicates or synthetically derived. A method for 
producing aluminosilicate ion exchange materials is disclosed in U.S. Patent 
3,985,669, Krummel, et al, issued October 12, 1976. Preferred synthetic crystalline 
ahiminoalicate ion exchange materials usefiil herein are available under the 

30 designations Zeolite A, Zeolite P (B\ Zeolite MAP and Zeolite X In anotiier 
embocfiment, the crystalline alumino^cate ion exdiange material has the formula: 
Nai2[(A102)i2(Si02)i2]'xH20 wherein x is from about 20 to about 30, especially 
about 27. This material is known as Zleolite A. Dehydrated zeolites (x = 0 * 10) may 
also be used herein. Preferably, the aluminosilicate has a particle aze of about 0.1*10 
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microns in diameter. Individual particles can desirably be even smaller than 0.1 
micron to farther assist kinetics of exchange through maximization of sur&ce area. 
High suifece area also increases utility of ahmiinosilicates as adsoibents for 
surfactants, especiaUy in granular compositions. Aggregates of silicate or 
5 aluminosiUcate particles may be usefal, a single aggregate having dimensions taUoied 
to minimize segregation in granular compositions, whUe the aggregate particle 
remains dispersible to submicron individual particles during the wash. As with other 
buUders such as carbonates, it may be desirable to use zeoUtes in any physical or 
morphological fonn adapted to promote suifectant carrier fanction. and appropriate 

10 particle azes may be freely selected by the formulator. 

Organic detergent buiUers suitable for the purposes of the presem invention 
include, but are not restricted to, a wide variety of polycarboxylate compounds. As 
used herein, "polycaitoxylate" refers to compounds having a phirality of carboxylate 
groups, preferably at least 3 carboxylates. Polycarboxylate builder can generally be 

15 added to the composition in add form, but can also be added in the form of a 
neutralized salt or "overbased*. When utilized in salt fonn, allcali metals, such as 
sodium, potassium, and lithium, or alkanolammonium sahs are preferred. 

Indudcd among ihe polycarboxylate builders are a variety of categories of 
usefal materials. One important category of polycarboxylate builders encompasses 

20 the ether polycart>ox]^es. induding oxydisucdnate, as disclosed in Berg, U.S. 
Patent 3,128,287, issued April 7, 1964, and Lamberti et al, U.S. Patent 3,635,830, 
issued January 18, 1972. See also "TMSm)S" buOders of U.S. Patent 4,663,071, 
issued to Bush et al, on May 5, 1987. Suitable ether polycarboxylates also indude 
cyclic compounds, particulariy alicydic compounds, such as those described in U.S. 

25 Patents 3,923.679; 3.835,163; 4,158,635; 4,120,874 and 4,102,903. 

Other usefal detergency buflders indude the etfier hydroxypolycarboxylates, 
copolymas of maldc anhydride with ethylene or vinyl metlqd ether, 1, 3, 5- 
trihydroxy benzene-2. 4, 6-trisulphonic add, and cari)oxymethyloxysucdnic add, the 
various alkali metal, ammonium and substituted ammonium salts of polyacetic adds 

30 such as ethylenediaminetetraacetic add and nitrilotriacetic add, as well as 
polycarboxylates such as mellitic add, succinic add, oxydisuccinic add, polymaleic 
add, bozene 1,3,5-tricarbojq^c add, carbo^^ethylo^^cdnic add, and sohible 
salts thereof 
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Citrate builders, e.g., citric add and soluble salts thereof (particularly sodium 
salt), are polycarbo^qrlate builders of particular importance for heavy duty iaundiy 
detergent and automatic dishwashing formulations due to thdr availability from 
renewable resources and their biodegradability. Citrates can also be used in 
5 combination with zeolite, the aforementioned BRTTESIL types, and/or layered 
silicate builders. Oxydisuccinates are also useful in such compositions and 
combinations. 

Also suitable in the detergent compositions of the present invention are the 
3,3-dicarboxy-4-oxa-l,6-hexanedionates and the related compounds disclosed in 

10 U.S. Patent 4,566,984, Bush, issued January 28, 1986. Useful succinic add builders 
include the C5-C20 alkyl and alkenyl succinic adds and salts thereof A particularly 
preferred compound of this type is dodecenylsucdnic add. Specific examples of 
sucdnate builders include: laurylsuccinate, myristyisuccinate, palmitylsucdnate, 2- 
dodecenylsucdnate (preferred), 2-pentadecenylsucdnate, and the like. 

15 Laurylsuccinates are the preferred builders of this group, and are described in 
European Patent AppUcation 86200690.5/0,200,263, published November 5, 1986. 

Other suitable polycarboxylates are disclosed in U.S. Patent 4,144,226, 
CnitchSeld et al, issued March 13, 1979 and in U.S. Patent 3,308,067, Diehl, issued 
March 7, 1967. See also U.S. Patent 3,723,322. 

20 Fatty adds, e.g., Ci2-C[8 monocarboxylic adds, may also be incorporated 

into the compositions alone, or in combination with the aforesaid builders, espedally 
dtrate and/or the succinate buildm, to provide addtional builder activity but are 
generally not desired. Such use of fetty adds will generally result in a diminution of 
sudsing in laundry compositions, which may need to be be taken into account by the 

25 formulator. Fatty adds or their salts are undesirable in Automatic Dishwashing 
(ADD) embodiments in situations wherein soap scums can form and be deposited on 
dishware. 

Where phosphorus-based builders can be used, the various alkali metal 
phosphates such as the well-known sodium tripofyphosphates, sodium pyrophosphate 
30 and sodium orthophosphate can be used. Phosphonate builders such as ethane-1- 
hydro?Qr-l,l-diphosphonate and other known phosphonates (see, for example. U.S. 
Patents 3,159,581; 3,213,030; 3,422,021; 3,400,148 and 3,422,137) can also be used 
though such materials are more commonly used in a low-levd mode as chelants or 
stabilizers. 
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4 Chelating Agency 

The compositions herein may also optionally contain one or more transition- 
metal selective sequestrants, "chelants" or "chelating agents", e.g., iron and/or copper 
and/or manganese chelating agents. Chelating agents suitable for use herein can be 
5 selected from the group consisting of aminocarboxylates, phosphonates (especially 
the aminophosphonates). polyfimctionaDy-substituted aromatic chelating agents, and 
mixtures thereof Without intending to be bound by theory, it is believed that the 
benefit of these materials is due in part to their exceptional ability to control iron, 
copper and manganese in washing solutions; otiier benefits include inorganic film 

10 prevention or scale inhibition. Commercial chelating agents for use herein include the 
DEQUEST® series, and chelants from Monsanto, DuPont, and Nalco, Inc. 

Aminocaiboxylates use&l as optional chelating agents are fiirther illustrated 
by ethylenediaminetetracetates, iV^hydroxyetfiyletiiylenediaminetriacetates, nitrilo* 
triacetates, ethylenediamine tetraproprionates, tiiethylenetetraaminehexacetates, 

IS diethylenetriamine*pentaacetates, and etiianoldiglydnes, alkali metal, ammonium, and 
substituted ammonium salts thereof. In general, chelant mbctures may be used for a 
combination of fimctions, such as multiple transition-metal control long-tenn 
product stabilization, and/or control of precipitated trandtion metal oxides and/or 
hydroxides. 

20 Polyfimctionally-substituted aromatic chelating agents are also usefiil in the 

compositions herein. See U.S. Patent 3,812,044, issued May 21, 1974, to Connor et 
al. Preferred compounds of this type in acid form are dihydroxydisulfobenzenes such 
as l,2-dthydroxy-3,S-disulfobenzene. 

A Ughly preferred biodegradable chelator for use herein is ethylenediamine 

25 disucdnate ("EDDS"), especially (but not limited to) the [S,S] isomer as described in 
U.S. Patent 4,704,233, November 3, 1987, to Hartman and Perkins. The trisodium 
salt is preferred though other forms, such as magne^um salts, may also be useful. 

Aminophosphonates are also suitable for use as chelating agents in the 
compositions of the invention when at least low levels of total phosphorus are 

30 acceptable in detergent compositions, and indude the ethylenediaminetetrakis 
(methj^enephosphonates) and the diethylenetriaminepentakis (methylene 
phosphonates). Preferably, these aminophosphonates do not contain alkyl or alkenyl 
groups with more than about 6 carbon atoms. 
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If Utilized, chelatmg agents or transition-metal-selective sequestrants will 
preferably comprise from about 0.001% to about 10%, more preferably from about 
0.05% to about 1% by wdght of the compositions herdn. 

7. Dispersant Polymer - Preferred ADD compositions herdn may additional^ 
S contain a dispersant polymer. When present, a dispersant polymer in the instant 
ADD compositions is typically at levels in the range from 0 to about 25%, preferably 
from about 0.5% to about 20%. more preferably from about 1% to about 8% by 
weight of the ADD composition. Dispersant polymers are usefiil for improved 
fihning performance of the present ADD compositions, especially in higher pH 

10 embodiments, such as those in which wash pH exceeds about 9.5. Particularly 
preferred are polymers which inhibit the deposition of calcium carbonate or 
magnesium silicate on dishware. 

Dispersant polymers suitable for use herein are fiuther illustrated by the film- 
forming polymers described in U.S. Pat. No. 4,379,080 (Murphy), issued Apr. 5, 

15 1983. 

Suitable polymers are preferably at least partially neutralized or alkali metal, 
ammonium or substituted anmionium (e.g., mono-, di- or triethanolanunonium) salts 
of polycarboxyiic acids. The alkali metal, especially sodium salts are most preferred. 
While the molecular weight of the polymer can vary over a wide range, it preferably 

20 is from about 1,000 to about 500,000, more preferably is from about 1,000 to about 
250,000, and most preferably, especially if the ADD is for use in North American 
automatic dishwashing appliances, is from about 1,000 to about 5,000. 

Other suitable dispersant polymers include those disclosed in U.S. Patent No. 
3,308,067 issued March 7, 1967, to Diehl. Unsaturated monomeric acids that can be 

25 polymerized to form suitable dispersant polymers include acrylic add, maleic add (or 
maldc anhydride), fimiaric add, itaconic add, aconitic add, mesaconic add, 
dtraconic add and methylenemalonic add. The presence of monomeric segments 
containing no carboxylate radicals such as methyl vinyl ether, styrene, ethylene, etc. 
is suitable provided that such segments do not constitute more than about 50% by 

30 wdght of the dispersant polymer. 

Copolymers of acrylamide and acrylate having a molecular weight of from 
about 3,000 to about 100,000, preferably from about 4,000 to about 20,000, and an 
acrylamide content of less than about 50%, preferably less than about 20%, by 
wdght of the dispersant polymer can also be used. Most preferably, such dispersant 
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pofymer has a molecular weight of from about 4,000 to about 20,000 and an 
acrylamide content of from about 0% to about 15%, by weight of the polymer. 

Particularly preferred dispersant polymos are low molecular wdght modified 
polyacrylate copolymers. Such copolymers contun as monomer units: a) from about 
5 90% to about 10%, preferably from about 80% to about 20% by weight aciyUc add 
or its salts and b) from about 10% to about 90%, preferably from about 20% to 
about 80% by weight of a substituted acrylic monomer or its salt and have the 
general formula: -[(C(R2)C(R1XC(0)0R3)] wherein the apparently unfilled 
valencies are in feet occupied by hydrogen and at least one of the substituents r1, 
10 r2 or r3, preferably R^ or r2 is a 1 to 4 carbon alkyl or hydroxyalkyi group; r1 or 
r2 can be a hydrogen and r3 can be a hydrogen or allcali metal salt. Most preferred 
is a substituted acrylic monomer v*erdn r1 is methyl, r2 is hydrogen, and r3 is 
sodium. 

Suitable low molecular weight polyacrylate dispersam polymer preferably has a 

15 molecular weight of less than about 15,000, preferably firom about 500 to about 
10,000, most preferably from about 1,000 to about 5,000. The most preferred 
polyacrylate copolymer for use herein has a molecular weight of about 3,500 and Is 
the fiilly neutralized form of the polymer comprismg about 70% by weight acrylic 
acid and about 30% by weight methaciylic add. 

20 Other suitable modified polyacrylate copolymers include the low molecular 

wdght copolymers of unsaturated aliphatic caiboxylic adds disdosed in U.S. Patents 
4,530,766, and 5,084,535. 

Agglomerated fi)mis of the present ADD compositions may employ aqueous 
solutions of polymer dispersants as liquid binders for makiiig the agglomerate 

25 Oxuticulatty vibea the compoation conasts of a nuxtuie of sodhun dtrate and 
sodmm carbonate). Especially preferred are polyaa^ates with an average molecular 
wdght of from about 1,000 to about 10,000, and aa)iate/maleate or 
aaylate/fimiarate copolymers with an average molecular wdght of fix>m about 2,000 
to about 80,000 and a ratio of acrylate to maleate or fiimarate stents of from 

30 about 30:1 to about 1:2. Examples of such copolymers based on a mature of 
unsaturated mono- and dicaiboxylate monomers are disdosed in European Patem 
Application No. 66,915, published December IS, 1982. 

Other dispersam polymers usefiil hatan inchide the polyetl^ene glycols and 
polypropjdene glycols having a molecular wdght of from about 950 to about 30,000 
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which can be obtained from the Dow Chemical Company of Midland, Michigan. 
Such compounds for example, having a melting point within the range of from about 
300C to about lOO^C, can be obtained at molecular weights of 1,450, 3,400, 4,500, 
6,000, 7,400, 9,500, and 20,000, Such compounds are formed by the polymerization 
5 of ethylene glycol or propylene glycol with the requisite number of moles of ethylene 
or propylene oxide to provide the desired molecular weight and melting point of the 
respective polyethylene glycol and polypropylene glycol. The polyethylene, 
polypropylene and mixed glycols are referred to using the formula: 
HO(CH2CH20)m(CH2CH(CH3)0)n(CH(CH3)CH20)oOH wherein ra, n, and o are 

10 integers satisfying the molecular weight and temperature requirements given above. 

Yet other dispersant polymers useful herdn include the cellulose sul&te esters 
such as ceUulose acetate sul&te, cellulose sulfate, hydroxyethyl cellulose sul&te, 
methylcellulose sulfite, and hydroj^ropylcelhilose sulfite. Sodium cellulose sulfite 
is the most preferred polymer of this group. 

15 Other suitable dispersant polymers are the caibo?gdated polysaccharides, 

particularly starches, celluloses and alginates, described in U.S. Pat. No. 3,723,322, 
Diehl, issued Mar. 27, 1973; the dextrin esters of polycaiboxylic acids disclosed in 
U.S. Pat. No. 3,929,107, Thompson, issued Nov. 11, 1975; thehydroxyalkyl starch 
ethers, starch esters, oxidized starches, dextrins and starch hydrolysates described in 

20 U.S. Pat No. 3,803,285, Jensen, issued Apr. 9, 1974; the carboxylated starches 
described in U.S. Pat. No, 3,629,121, Eldib, issued Dec. 21, 1971; and the dextrin 
starches described in U.S. Pat. No. 4,141,841, McDonald, issued Fd). 27, 1979. 
Preferred cellulose-derived dispersant polymers are the caiboxymethyl celluloses. 
Yet another group of acceptable dispersants are the organic disp^sant 

25 polymers, such as polyaspartate. 

Si Material Care Agents - The present ADD compositions may contain one or 

more material care agents which are effective as corrosion inhibitors and/or anti- 
tarnish aids. Such materials are preferred components of machine dishwashing 
compositions especially in certain European countries i^ere the use of electroplated 

30 nickel silver and sterling silver is still comparatively common in domestic flatware, or 
when aluminium protection is a concern and the composition is low in silicate. 
Genoally, such material care agents inchide meta^cate, silicate, bismuth salts, 
m a ng a n ese sahs, paraflSn, triazoles, pyrazoles, thiols, mercaptans, ahinunhmi fitty 
add sahs, and nuxtures thereof 



wo 97/00311 



PCTAJS96/07118 



32 



When present, such protecting niaterials are preferabfy incorporated at low 
levels, e.g., from about 0.01% to about 5% of the ADD composition. Suitable 
corrosion inhibitors include paraffin oil, typically a predominantly branched aliphatic 
hydrocarbon having a number of carbon atoms in the range of from about 20 to 
5 about 50; preferred paraflfin oil is selected from predominantly branched €25^5 
species with a ratio of cyclic to noncyclic hydrocarbons of about 32:68. A paraflfin 
oil meeting tixose characteristics is sold by Wintershall, Salzbergen, Germany, under 
tiie trade name WINOG 70. AdditionaUy, tiie addition of low levels of bismutii 
nitrate 0.e., Bi(NC)3)3) is also preferred, 

10 Other corrosion iniubitor compounds include benzotriazole and comparable 

compounds; mercaptans or thiols including tiiionaphtol and thioanthranol; and finely 
divided Aluminium fatty add salts, such as aluminium tristearate. The formulator 
will recognize that such materials will generally be used judiciously and in linuted 
quantities so as to avoid any tendency to produce spots or fihns on glassware or to 

15 compromise the bleaching action of the compositions. For this reason, mercq>tan 
anti-tamishes which are quite strongly bleach-reactive and common fetty carbojqrlic 
acids ^ch precipitate with calcium in particular are preferably avoided. 

£ Silicone and rhosphate Ester Suds Supprg<^gpr<^ - The ADD's of tiie invention 

can optionally contain an alkyl phosphate ester suds suppressor, a alicone suds 

20 suppressor, or combinations thereof. Levels in general are from 0% to about 10%, 
preferabfy, from about 0.001% to about 5%. Typical levels tend to be low, e.g., 
from about 0.01% to about 3% when a alicone suds suppressor is used. Preferred 
non-phosphate compo^tions omit the phosphate ester component entirely. 

Silicone suds suppressor technology and other defoaming agents usefiil herdn 

25 are extensively documented in "Defoaming, Theory and Industrial Applications*!, Ed., 
P.R. Garrett, Marcel Dekker, N.Y., 1973, ISBN 0.8247-8770-6, incorporated herein 
by reference. See especially the chapters entitied "Foam control in Detergent 
Products" (Ferch et al) and "Surfectant Antifoams" (Blease et al). See also U.S. 
Patents 3,933,672 and 4,136,045. Highly preferred silicone suds suppressors are the 

30 compounded types known for use m laundry detergents such as heavy-duty granules, 
although types hitherto used only in heavy-duty liquid detergents may also be 
incorporated in the instant compositions. For example, polydimethylaloxanes having 
trimetii^yl or alternate endblocking units may be used as the silicone. These may 
be compounded with silica and/or witii sur&ce-active nonalicon components, as 
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illustrated by a suds suppressor comprising 12% alicone/silica, 18% stearyl alcohol 
and 70% starch in granular form. A suitable commercial source of the silicone active 
compounds is Dow Coming Corp. 

Levels of the suds suppressor depend to some extent on the sudsing tendency 
5 of the composition, for example, an ADD for use at 2000 ppm comprising 2% 
octadecyldimethylamine oxide may not require the presence of a suds suppressor. 
Indeed, it is an advantage of the present invention to select cleaning-eflFective amine 
oxides which are inherently much lower in foam-forming tendencies than the typical 
coco amine oxides. In contrast, formulations m which amine oxide is combined with 

10 a high-foaming anionic cosurfactant, e.g., alkyl ethoxy sulfate, benefit greatly from 
the presence of suds suppressor. 

Phosphate esters have also been asserted to provide some protection of ^ver 
and silver-plated utensil surfaces; however, the instant compositions can have 
excellent silvercare without a phosphate ester component. Without bring limited by 

15 theory, it is believed that lower pH formulations, e.g., those having pH of 9.5 and 
below, plus the presence of the low level amine oxide, both contribute to improved 
sihrer care. 

If it is desired nonetheless to use a phosphate ester, suitable compounds are 
disclosed in U.S. Patent 3,314,891, issued April 18, 1967, to SchmoUca et al, 

20 incorporated herein by reference. Preferred alkyl phosphate esters contain from 16- 
20 carbon atoms. IBghly preferred alkyl phosphate esters are monosteaiyl add 
phosphate or monooleyl add phosphate, or salts thereof particulariy alkali metal 
salts, or mixtures thereof 

It has been found preferable to avoid the use of simple caldum-predpitating 

25 so^s as antifoams in the present compositions as they tend to deposit on the 
dishware. Indeed, phosphate esters are not entirely free of such problems and the 
formulator will generally choose to minimize the content of potentially depositing 
antifoams in the instant compositions. 

ifii Other Optional Adjuncts - Depending on \i4iether a greater or lesser degree of 

30 compactness is required, filler materials can also be present in the instant ADDs. 
These indude sucrose, sucrose esters, sodium sul&te, potas^um sul&te, etc., in 
amounts up to about 70%, preferably from 0% to about 40% of the ADD 
composition Preferred filler is sodium sul&te, espedalfy in good grades having at 
most low levels of trace impurities. 
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Sodium sul&te used herein preferably has a purity suffident to ensure it is non- 
reactive with bleach; it may also be treated with low levels of sequestrants, such as 
phosphonates or EDDS in magnesium-salt form. Note that preferences, in tenns of 
purity suflScient to avoid decomposing bleach, applies also to pH-adjusting 
5 component ingredients, specifically including any silicates used herein. 

Although optionally present in the instant compositions, the present invention 
encompasses embodiments which are substantially firee fi^om sodhim chloride or 
potassium chloride. 

Hydrotrope materials such as sodium benzene sulfonate, sodium toluene 
10 sulfonate, sodhim cumene sulfianate, etc., can be present, e.g., for better dispersing 
sur&ctant. 

Bleach-stable per&mes (stable as to odor); and bleach-stable dyes such as 
those disclosed in U.S. Patent 4,714,562, Roselle et al, issued December 22, 1987 
can also be added to the present compositions in appropriate amounts. Other 

IS common detergent ingredients consistent with the spirit and scope of the present 
invention are not excluded. 

Since ADD compositions herein can contain water-sensitive ingredients or 
iiigredienxs which can co-react when brought together in an aqueous environment, it 
is desirable to keep the free moisture content of the ADDs at a minimum, e.g., 7% or 

20 less, preferably 4% or less of the ADD; and to provide packa^g which is 
substantially impermeable to water and cari)on dioxide. Coating measures have been 
described herdn to illustrate a way to protect the ingredients from each other and 
from air and moisture. Plastic bottles, including refillable or recyclable types, as well 
as conventional barrier cartons or boxes are another helpfiil means of assuring 

25 maxinumi shelf-storage stability. As noted, when ii^edimts are not highly 
compatible, it may fiirther be desirable to coat at least one such ingredient with a 
low-foaming nonionic surfactant for protectioa There are numerous waxy materials 
which can readily be used to fonn suitable coated particles of any such otherwise 
mcompatible components; however, the fonnulator prefers those materials which do 

30 not have a marked tendency to deposit or &>na fihns on dishes including those of 
plastic construction. 

Some preferred substantially chlorine bleach-free granular automatic 
dishwashing compositions of the invention are as follows: a substantially chlorine- 
bleach free automatic dishwashing composition comprising an^lase (e.g.. 
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TERMAMYL®) and/or a bleach stable amylase and a bleach system comprising a 
source of hydrogen peroxide selected from sodiimi perborate and sodium 
percarbonate and a cobalt catalyst as defined herein. 

There is also contemplated a substantially dilorine-bleach free automatic 
5 dishwashing composition comprising an oxidative stability-enhanced amylase and a 
bleach system comprising a source of hydrogen peroxide selected from sodium 
perborate and sodium percarbonate, a cobalt catalyst, and TAED or NOBS. 

Method for Cleaning: 

The present invention also encompasses a method for cleaning soiled tableware 

10 comprising contacting said tableware with an aqueous medium comprising a cobalt 
catalyst, prefisrably at a concentration of from about 2 ppm to about 10 ppm, as 
described herein before. Preferred aqueous medium have an initial pH in a wash 
sohition of above about 8, more preferabty from about 9.5 to about 12, most 
preferably from about 9.5 to about 10.5. 

15 This invention also encompasses a method of washing tableware in a 

domestic automatic dishwashing appliance, comprising treating the soiled tableware 
in an automatic dishwasher with an aqueous alkaline bath comprising amyla.se and a 
cobalt catalyst 

Rinse Aid Compositions and Methods: 

20 The present invention also relates to compositions usefiil in the rinse cycle of 

an automatic dishwashing process, such compositions being commonly referred to as 
"rinse aids". WWle the herdnbefore described compositions may also be formulated 
to be used as rinse aid compositions, it is not required for purposes of use as a rinse 
aid to have a source of hydrogen peroxide present in such compoations (although a 

25 source of hyfrogen peroxide is preferred, at least at low levels to at least supplement 
the carry-over). 

The optional incluaon of a source of hydrogen peroxide in a rinse aid 
composition is possible in view of the fact that a significant level of residual detergent 
composition is carried over from the wash cycle to the rinse cycle. Thus, when an 
30 ADD composition containing a hydrogen peroxide source is used, the source of 
hydrogen peroxide for the rinse cycle is cany over from the wash cycle. Catalytic 
activity provided by the cobalt catalyst is thus effective with this cany-over from the 
washcyde. 
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15 



20 



Thus, the present invention fimher encompasses automatic dishwashing rinse 
aid compositions comprising: (a) a catalytically eflfective amount of a cobalt catalyst 
as described herein, and (b) automatic dishwashing detergent adjunct materials. 
Preferred con^ositions comprise a low foaming nonionic surfectant. These 
compositions are also preferably in liquid or solid form. 

The present invention also encompasses methods for washing tableware in a 
domestic automatic dishwashing appHance, said method comprising treating the 
soiled tableware during a wash cycle of an automatic dishwasher with an aqueous 
alkaline bath comprising a source of hydrogen peroxide, foUowed by treating tiie 
tableware in the subsequent rinse cycle with an aqueous bath comprising a cobalt 
catalyst as described herdn. 
Synthesis Methods for Cobah riit«ly^«- 

The cobalt bleach catalysts having cari)oxylate Ugands may fiirther be made by 
the foUowing synthesis methods which are iUustiated for the preferred catalysts 
[Co(NH3)50Ac] CI2; [Co(NH3)50Ac] (0Ac)2; and [Co(NH3)50Ac](PF6)2. 
Svnthesis of rrnfNTT^^^n^^lja^ 

Synthesis Example 1- 



ICo(NH3)5CnCl2 ♦ AcjO ► pac 



[Co(NH3)5Cl]Cl2 (26.4 g, 0.10 mol) is added to distilled water (800 mL). 
NH4OH (23.4 mL, 0.600 moO is slowly added with stirring. The solution is tiien 
heated to IS^C and the solid dissohres with stirring. The solution is cooled to RT. 
Acetic anhydride (30.6 g, 0.30 mol) is slowly added witii stirring. The sohition is 

25 stirred 1 hour at RT. At this point tiie reaction sohition can eitiier be lyophilized to a 
pink powder or the sohition can be rotovapped down and tiie resultii^ solid pumped 
on oveniight at 0.05 mm. to remove residual water and NH4OAC. The excess 
ammonhim acetate and ammonium diloride salts can also be removed by washing the 
soUd y/ith etiumol. Tield 35 gr., 78. 1% by uv-vis spectroscopy. HPLC [according to 

30 Uie metiiod of D.A- Buckingham, et al, Inorg. Chem 28, 4567-4574 (1989)] shows 
all of the cobalt is present as [Co(NH3)50Ac]Cl2. 
Synthesis Example 2: 
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IC0{H2O)6lCl2 --^^ 12:2. ♦ AC2O . PAC 



NH4CI (25.0 g) is dissolved in NH4OH (150 iriL). [Co(H20)6]Cl2 (26.4 g. 
0. 10 mol) is added to this solution forming a slurry. H2O2 (30%, 40.0 mL) is slo^y 
5 dripped into the solution wth stirring. Acetic anhydride (30.6 g, 0.30 mol) is slowly 
added with stirring. The solution is stirred 1 hour at RT. At this point the reaction 
solution can either be lyophilized to a pink powder or the solution can be rotovapped 
down and the resulting solid pumped on overnight at 0.05 mm. to remove residual 
water and NH4OAC. The excess ammonium acetate and ammonium chloride sahs 
10 can also be removed by washing the solid with ethanol. Yield 35 gr., 78. 1% by uv- 
vis spectroscopy. HPLC [according to the method of D.A. Buckingham, et al, Inorg. 
Chem., 2& 4567-4574 (1989)] shows all of the cobalt is present as 
[Co(NH3)50Ac]a2. 

Synthg^sExprnpIg?; 

15 Ammonium hydroxide (4498.0 mL, 32.3 mol, 28%) and ammonium chloride 

(749.8 g, 14.0 mol) arc combined in a 12 L three-necked round-bottomed flask fitted 
with a condenser, internal thermometer, mechanical stirrer, and addition fimnel. 
Once the mbcture becomes homogeneous, cobalt(II) chloride hexahydrate (1500.0 g, 
6.3 mol) is added in portions over 5 min forming a slurry. The reaction mbcture 
warms to 50 and takes on a muddy color. H2O2 (429.0 g, 6.3 mol, 50%) is 
added over 30 min. The mbcture becomes deep red and homogeneous and the 
temperature raises to 60-65 ""C during addition of the p^oxide. Ammonium acetate 
(485.9 g, 6.3 mol) is then added to the mbcture 30 min later. After stirring an 
additional IS min, acetic ant^de (2242.5 g, 22.1 mol) is added over 1 h. The 
25 anhydride is added so as to keep the reaction temperature below 75 ""C. The mbcture 
is sdrred for 2 h as it cools. The red mbcture is filtered and the fitrate treated with 
isopropanol imtil an orange-pink solid forms. The solid is collected, washed with 
isopropanol, ether, and dried to give an orange-pink solid. UV-Vis measurements 
indicate the product to be 95.3% pure as [Co(NH3)50Ac]Cl2. 

30 Svnthesis of rCofNHikOAcI fOAc^ 

Ammonium hydroxide (286.0 mL, 2.06 mol, 28%) and ammonium acetate 
(68.81 g, 0.89 mol) are combined in a 1000 mL three-necked round-bottomed flask 
fitted with a condraso*, internal thermometer, mechanical stirrer, and addition fimnd. 



20 
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Once the mixture becomes homogeneous, cobaIt(]]Q acetate tetrahydrate (100.00 g, 
0.40 mol) is added in portions over S nun. The mixture becomes black and warms to 
31° C. The mixture is treated with H2O2 (27.32 g, 0.40 mol, 50%) dropwise over 
1 5 min. The mixture fiirther exothenns to 53" C and turns deep red once addition is 
5 complete. After stining for 1 h, HPLC analysis indicates that all of the cobalt is 
present as [Co(NH3)50Ac](OAc)2. Concentration yields the desired complex as a 
red solid. 

gynthesis of [CQ(Nff3)5QAslffiE^ 

The [Co(NH3)50Ac] (0Ac)2 product of the preceeding example is treated 
10 with 1 equivalent ofNaPFg in water at room temperature. The reaction mixture is 
stirred for one 1 h, concentrated to a viscous liquid, and cooled to 10*1 5''C. Red 
crystals precipitate fix)m the mixture and are collected by filtration. HPLC analysis of 
the red product indicates all of the cobalt is present as [Co(NH3)sOAc](PF6)2 

The following nonlimiting examples fiirther ilhistrate ADD compoations of the 
15 present invention. 

Examples 1-3 

The following fiiUy-formulated solid-form automatic dishwashing detergents 
areprq)ared: 





1 


2 


1 




% Active 


% Active 


% Active 


Sodhmi Citrate 


15.0 


15.0 


15.0 


Sodium Carbonate 


17.5 


20.0 


20.0 


Dispersant Polymer (See Note 1) 


6.0 


6.0 


6.0 


Hydroxyeth^diphosphonate 


1.0 


0.5 


0.71 


(HEDP; add) 






Nomonic Sur&ctant (SLF18, Olin 


2.0 


2.0 


2.0 


Corp. orPhira&c) 






Sodhmi Perborate Monotqnirate 


1.5 


1.5 


1.5 


(See Note 3) 






TAED 


2.5 






DTPMP(SeeNote4) 


0.13 






Cobalt Catalyst (See Note 2) 


0.2 


0.07 


0.4 


Savinase 6.0T (protease) 




2.0 


2.0 


Savinase 12T (protease) 


2.2 






Tennamyl 60T (am^ase) 


1.5 


1.0 


1.0 
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BRITESIL H20, PQ Corp. (as 


8.0 


8.0 


8.0 


Si02) 






Meta Silicate (anhydrous) 


1.25 






Para£Sn 


0.5 






Benzotriazole 


0.3 






Sulphate, water, monors 


Balance to 


Balance to 


Balance to 




100% 


100% 


100% 



Note 1: Dispersant Polymer One or more of: Sokolan PA30, BASF Corp„Accusol 480N, 
Rohm & Haas. 

Note 2: [Co(NH3)50Ac]a2, [Co(NH3)50Ac] (0Ac)2, or [Co(NH3)50Ac](PF6)2, 
S prepared according to the synthesis examples hereinbefore. 

Note 3 : These hydrogen peroxide sources are expressed on a weight % available oxygen 
basis. To convert to a basis of percentage of the total conq)osition, divide by about 0. 15. 
Note 4: diethylenetriaminepentakis (methylene phosphonic add) 



10 Example 4 





4A 


4B 


INGREDIENT 


wiyi 


wt% 


Cobalt Catalyst (See Note 2) 


0.2 


0.4 


Sodhun Perborate Mbnohydrate (See Note 3) 


1.5 


1.5 


Amylase (Tennamyl® 60T, Novo) 


1 


0 


Protease 1 (SAVINASE 12 T. 3.6% active protein) 


2.5 


0 


Protease 2 (Protease D, as 4% active protdn ) 


0 


2.5 


Trisodhim Citrate Dihydrate (anhydrous basis) 


IS 


15 


Sodium Carbonate, anhydrous 


20 


20 


BRITESIL H20. PQ Corp. (as SiO?) 


9 


8 


Diethyienetriaminepentaacetic Acid, Sodium Salt 


0 


0.1 


Ethylenediamine Disucdnate, Trisodlum Salt 


0.13 


0 


Hydroxyeth)4diphosphonate (HEDP), Sodium Salt 


0.5 


0.5 


Dispersant Polymer (See Note 1) 


8 


8 


Nonionic Sur&ctant (SLF18, Olin Corp. or LF404. BASF) 


2 


2 


Sodhmi Sul&te, water, minors 


Balance 

to 100% 


Balance 
to 100% 
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Note 1: Dispersaat Pdymer One or more of. Sokolan PA30, BASF Corp.,Accusol 480N, 
Rohm&Haas. 

Note 2: [Co(NH3)50Ac]Cl2. [Co(NH3)50Ac] (0Ac)2, or [Co(NH3)50Ac](PF6)2. 

prepared according to the synthesis examples hereinbefore. 

S Note 3 : These hydrogen peroxide sources are expressed on a wei^t % available oxygen 

basis. To convert to a basis ofpercentageofthe total composition, divide by about 0. IS. 

Example S 



The following fiilly-formulated solid-form automatic dishwashing detergents 
are prepared: 





5A 


SB 


INuREDIENT 


wt% 


wt% 


Cobalt Catalyst (See Note 2) 


0.07 


0.4 


oooium rerooraie iviononyuraie (5ee riote 3} 


0 


0.1 


Sodium Percaifoonate (See Note 3) 


1.5 


1.2 


Amylase ( OL37 + M197T as 3% active protein, NOVO ) 


1.5 


1.5 


Protease 1 (SAVINASE 12 T, 3.6% active protein) 


2.5 


0 


Protease 2 (Protease D, as 4% active protein ) 


0 


2.5 


Tnscdium Citrate Dlhyurate (anhydrous basis) 


15 


15 


Sodium Carbonate, anhydrous 


20 


20 


BRTTESIL H20, PQ Corp. (as Si(h) 


9 


9 


Diediylenetriaminepentaacedc Add, Sodium Salt 


0 


0.1 


Ethylenediamine Disuccinate, Trisodium Sah 


0.13 


0 


Hydroxyetfayidiphosphonate (HEDP), Sodium Salt 


0.5 


0.5 


Dispersant Polymer (See Note 1) 


8 


8 


Nomonic Suifictant (SLF18, Olin Corp. or LF404, BASF) 


2 


2 


Sodium Sulfite^ water, minors 


Balance to 
100% 


Balance to 
100% 



10 Note 1: Dispersant Polyroen One or more o£ Sokolan PA30, BASF Coip.,Accusol 480N, 



Rdmi&Haas. 

Note 2: [Co(NH3)50Ac]Cl2. [Co(NH3)50Ac] (OAch, or [Co(NH3)50Ac](PF6)2. 

prepared according to the synthesis examples herdnbefore. 

Note 3: These hydrogen peroxide sources are expressed on a weight % available oxygen 

15 basis. To cozivert to a basis ofpercentageoftfae total coinposition, divide by about 0.15. 

Example 6 
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The following fiilly-fonnulated solid-form automatic dishwashing detergents 
are prepared: 





6A 


6B 


INGREDIENT 


wt% 


wt% 


Cobalt Catalyst (See Note 2) 


0.2 


0.07 


Sodhun Perborate Monohydrate (See Note 3) 


1.5 


1.5 


Amylase ( QL37 + MI97T as 3% active protein. NOVO ) 


1.5 


1.5 


Protease 1 (SAVINASE 12 T. 3.6% active protein) 


2.5 


0 


Protease 2 (Protease D, as 4% active protein ) 


0 


2.5 


Trisodium Citrate Dihydrate (anhydrous bass) 


15 


15 


Sodium Carbonate, anhydrous 


20 


20 


BRTTESIL mo. PQ Corp. (as SiCh) 


9 


8 


Sodium Metaalicate Pentahydrate. (as SiO^) 


0 


3 


Diethyienetriaminepentaacetic Acid, Sodium Salt 


0 


O.I 


Ethyienedianune Disuccinate. Trisodium Sah 


0.13 


0 


Hydroxyetfa^diphosphonate (HEDP). Sodium Sah 


0.5 


0.5 


IXspersant Polynier (See Note 1) 


s 


o 
o 


Nonionic Sur&ctant (SLF18. Olin Corp. or LF404. BASF) 


2 


2 


Sodium Sul&te, water, minors 


Balance 


Balance 




to 100% 


to 100% 



Note 1: Dispersant Polymer. One or more of: Sokolan PASO. BASF Coip..Accusol 480N, 
Rohm&Haas. 



5 Note 2: [Co(NH3)50Ac]Cl2, [Co(NH3)50Ac] (0Ac)2, or [Co(NH3)50Ac](PF6)2, 
prepared according to the synthesis examples hereinbefore. 
Note 3 : These bydrogen peroxide sources are e3q>ressed on a wright % available oxygen 
basis. To oonveit to a basis ofpmentageofdie total composition, divide by about 0 



Example 7 





7A 


7B 


70 


IN(SUSDIENT 


wt% 


wt% 


wt% 


Cobalt Catalyst (See Note 2) 


0.7 


0.2 


0.3 


Sodinm Poboiate Mondiydrate (See Note 3) 


1.3 


0 


0.5 


Sodinm Percaibonate (See Note 3) 


0 


1.0 


1.2 
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Amylsse 

(OL37 + M197T as 3% active orotein. NOVO ) 




1 c 


1 


Dibenzo^ Peroxide 


0 ft 


A ft 


3.0 


Bleach Activator (TAED or NOBS) 


0 


A 
w 


n < 
U.3 


Protease 1 (SAVINASE 12 T. 3.6% active protein) 


25 


0 

V 


A 

U 


Protease 2 (Protease as 4% active protein ) 


0 


1 


1 


Trisodium Citrate Dihvdrate fanhvdrous basis) 


i< 


13 


13 


Sodium Carbonate, anhydrous 




1A 


^A 

20 


BRTTESIL ICO, PQ Corp, (as SiO-^) 


7 
/ 


7 


17 


Sodium Metasilicate Pentahydrate, (as SiO*?) 


3 


0 


0 




0 


O.I 


0 


DiethyleoetrianiinepentaCmethylenephosphomc add). 
Sodium Salt 


O.l 


0 


0.1 


Hydroxyethyldiphosphonate (HEDP), Sodium Salt 


0.5 


0 


0.5 


Dispersant Polymer (See Note 1) 


6 


s 


6 


Nonionic Sur&ctant (SLF18, Olin Corp. or LF404, 
BASF) 


2 


2 


3 


Sodhmi Sulfite* water, minors 


Balance 
to 100% 


to 100% 


Balance 
to 100% 



Note 1 J)ispersant Polymer One or more oC Sokolan PA30, BASF Corp.^lccusol 480N, 



Rohm & Haas. 

Note 2: [Co(NH3)50Ac]Cl2, [Co(NH3)50Ac] (0Ac)2, or [Co(NH3)50Ac](PFei)2. 
prepared according to the synthesis examples ho-einbefore. 
S Note 3 : These Ifydrpgen Peroxide Sources are expressed on an available oxygen basis. To 
convert to a basis ofpercentageofthe total composition, divide by 0.15 



Example 8 





8A 


8B 


8C 


INGREDIENT 


wt% 


wt% 


wt% 


Cobah Catalyst (See Note 2) 


0.2 


0.07 


0.4 


Sodnun Peibonte Mcmobydnte (See Note 3) 


1 


2 


1 


Sodium Peicaibonate (See Note 3) 


0 


0 


0 
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2 


1.5 


0 




















A 
U 


0.1 


1 


Bleadi Activator (TAED or NOBS) 


n 

V 


u 


z 


Protease 1 (SAVINASE 12 T, 3.6% active protein) 




u 


A 
W 


Protease 2 (Protease D« as 4% active orotein ) 


0 


1 


1 


Trisodiuxn Citrate Dihvdrate fanhvdrous basis^ 


1 c 
10 




13 


Sodium Caxbonate, anhydrous 


7ft 


A 

u 




BRITESIL H20 PO Coro fas SiO'j) 


/ 




Q 

5 


Sodium Kfetasilicate Pentahvdrate (tui ^tO^\ 




A 

u 


1 
1 


Dietb^enetriaminepentaacetic Acid, Sodium Sah 


0 


0.1 


ft 

M 


Dietfa^enetriaminepeQta(methylenephosphomc acid). 


0 1 


ft 

V 


ft 1 

v.A 


Sodium Sah 








HydxoTcyediyldiphosphonate (HEDP), Sodium Sah 


0.1 


0 


0.1 


Dispersant Polymer (See Note 1) 


8 


5 


6 


Nonionic Surfiutant (SLF18, Olm Corp. or LF404, E.\£P, 


1 r 


2 


3 


Sodium SuI&tB, iwater, minors 




Balance 


Balance 




to 100% 


to 100% 


to 100% 



Note l:Dispersant Polymer One or more of: Sokolan PA30, BASF C<Hp.,Accusol 480N, 
Rohm & Haas. 



Note 2: [Co(NH3)50Ac]Cl2, [Co(NH3)50Ac] (0Ac)2, or [Co(NH3)50Ac](PF6)2, 
prepared according to the synthesis examples hereinbefore. 
S Note 3: These Hydrogen Peroxide Sources are expressed on an available oxygeu basis. To 
conveit to a basis of percentage of the total composition, divide by 0.15 

The ADD^s of the above dishwashing detergent composition examples are used 
to wash tea-stained cups, starch-soiled and spaghetti-soiled dishes, milk-soiled 
glasses, starch, cheese, egg or babyfood- soiled flatware, and tomato-stained plastic 
10 spatulas by loading the soiled dishes in a domestic autonudc dishwashing appliance 
and wasMng using dther cold fill, 60OC peak, or uniformly 45-50OC wash cydes 
with a product concentration of the exemplary compoations of fix)m about 1,000 to 
about 5,000 ppm, with excellent results. 



15 
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WHAT IS CLAIMED IS: 

1. A bleaching composition comprising: 

(a) a catalytically effective amount of a cobalt catalyst having the formula: 

[Co(NH3)5M] Ty 

wherein cobalt is in the +3 oxidation state; M is a carboxylate-containing 
iigand having the formula RC(0)0-, and T is one or more counteranions present in a 
number y, where y is an integer to obtain a charge-balanced sak; 

(b) an effective amount of a source of hydrogen peroxide; and 

(c) adjunct materials. 

2. The bleaching composition according to Claim 1 in the form of an automatic 
dishwashing detergent composition comprising automatic dishwashing adjunct 
material selected such that the composition produces less than 2 inches of suds under 
normal use conditions. 

3. An automatic dishwashing detergent composition according to either of 
Claims 1 or 2 comprising as part or all of the automatic dishwashing adjunct material 
one or more low foaming nonionic surfactants. 

4. The bleaching composition according to any of Claims 1-3 in the form of a 
laundry detergent composition comprising laundry detergent adjunct material 
selected firom builders, anionic surfactants and mixtures thereof 

5. An laundry detergent composition according to any of Claims M comprising 
as part or all of the adjunct material one or more builders selected from zeolite, 
layered silicates and mixtures thereof, and one or more anionic surfactants selected 
from linear alkyi benzene sulfonates, alkyl sulfates, alkyl ethoxy sulfates, and 
mixtures thereof 

6. A bleaching composition according to any of Claims 1-5 comprising one or 
more bleach activators. 

7. An bleaching composition according to any of Claims 1-6 wherein the bleach 
activator is selected from TAED, NOBS, (6-octanamido-caproyl)oxybenzene- 
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sulfonate, (6-nonanamidocaproyl)oxyben2enesulfonate, (6-decanamido-caproyl) 
oxybenzenesulfonate, and mixtures thereof. 

8. A method for removing tea and/or coffee stains from hard surfaces, said 
method comprising treating tea-stained or coffe-stained hard surface with an aqueous 
alkaline bath comprising a source of hydrogen peroxide and the cobah bleach catalyst 
of the formula: 

[Co(NH3)5M] Ty 

wherein cobalt is in the +3 oxidation state; M is a carboxylate-containing 
ligand having the formula RC(0)0-, and T is one or more counteranions present in a 
number y, where y is an integer to obtain a charge-balanced salt. 

9. The compositions and method according to any of Claims 1-8 wherein R is 
selected from the group consisting of hydrogen and C1-C30 unsubstituted and 
substituted alkyl, C6-C30 unsubstituted and substituted aryl, and C3-C30 
unsubsiiLuled and substituted heteroaryl, wherein substituents are selected from the 
group consisting of -NR'3, -NR'4+, -C(0)OR\ -0R\ -C(0)NR'2, wherein R' is 
selected from the group consisting of hydrogen and C1-C5 moieties. 

10. The compositions and method according to any of Claims 1-9 wherein R is 
selected from the group consisting of Cj-Cig unsubstituted and substituted alkyl. 

11. The compositions and method according to any of Claims 1-10 wherein R is 
selected from the group consisting of hydrogen, methyl, ethyl, propyl, straight or 
branched C4-C12 alkyl, and benzyl. 

12. The compositions and method according to any of Claims 1-10 wherein the M 
ligand is a carboxylic acid moiety selected from formic, benzoic, octanoic, nonanoic, 
decanoic, dodecanoic, and preferably acetic acid. 

13. The compositions and method according to any of Claims 1-10 wherein R is 
selected from the moieties -(CH2)nOH and -(CH2)nNR'4"*", wherein n is an integer 
from 1 to 16. 
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